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UM Vice President: 
Research key to 
understanding our 
flammable wilderness
For years when I dreamed of becoming a Montanan, I imagined 
myself living in a cabin surrounded by pine trees with a fishing 
stream off my back porch. When my dream became reality and I 
moved to Montana, I worked to realize what I’d long envisioned in 
my mind’s eye: I live in a cabin on beautiful acreage, with a small 
creek. It’s very wooded, rather secluded, and perfect — until August.
While Montanans often describe the weather as nine months of 
winter and three months of company, the reality is that our weather 
offers year-round diversity. Except for August, when those of us who 
live on timbered acreage face the fear of wildfire.
As property-owners, we individually strive to do everything 
possible to make our homes as “fire-wise” as possible, often 
following tips like those posted at http://www.firewise.org. At The 
University of Montana, however, our communal interest and work 
is much broader, as demonstrated by the articles you’ll find in this 
issue of Vision.
University researchers study the components of smoke and 
investigate what we can see as well as the particles that are 
invisible to the naked eye. Some consider national fire suppression 
policy in an effort to determine the best way to restore the harmony 
between forests and fires with as little loss of life or property as 
possible. Others use wildfire fighters as a model for military ground 
force troops. An even broader area of research considers why there 
seem to be more forest fires than what many Montanans remember 
“when I was a kid.”
While forest fires have passed our "annoyance meter” and moved 
up to an issue of critical concern for Montanans, it is important to 
recognize that wildfire has always been part of the forest life cycle. 
And as a result, some things — like the black-backed woodpecker, 
boreal toads or morel mushrooms —flourish.
There’s an Italian proverb that reads: Out of a great evil often 
comes a great good. In the context of wildfire, this statement is 
certainly validated when considering the extent to which University 
researchers study the unique flora, fauna and animal life that live, 
thrive, and ultimately rejuvenate those blackened areas.
So, like many Montanans, each year I anticipate the arrival of 
summer, yet also dread the possibility of hot, smoky and frightening 
days of August. However, something that provides me considerable 
solace and pride is the fact that scholars at The University of 
Montana are working diligently to understand all aspects and 
ramifications of wildfire. A better understanding of forest fire policy 
and behavior today will result in extended safety tomorrow for 
people and property across the nation.
Daniel J. Dwyer 
Vice President for Research and Development 
The University of Montana
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Quick Looks
Researchers garner 
record funding
Um scientists landed $68.7 million 
in external grants and contracts for 
fiscal year 2005, continuing a record­
setting trajectory for the institution. 
The top five grant recipients were Dave 
Forbes, College of Health Professions 
and Biomedical Sciences, $3.4 million; 
Michael DeGrandpre, Department of 
Chemistry, $3.2 million; LLoyd Queen, 
College of Forestry and Conservation, 
$2.8 million; Jack Stanford, Flathead 
Lake Biological Station, $2.3 million; 
and Jerry Bromenshenk, Division of 
Biological Sciences, $2.2 million. 
President George Dennison has 
challenged researchers to raise the bar 
higher and reach $100 million in the 
next two or three years.
UM ranked among 
world’s universities
Officials at Shanghai Jiao Tong 
University, one of China’s oldest 
colleges, ranked the top 500 
universities in the world for academics 
and research in 2004, and UM came 
in at 378 on the list. That’s ahead of 
U.S. counterparts such as the University 
of Wyoming, Utah State University 
and Boston College. Montana State 
University came in at 436.
Space added for science
Um had a ground-breaking ceremony 
for a new 59,000-square-foot addition 
to its Skaggs Building this year. The 
addition will house labs, conference 
rooms, an electronic 
classroom, a kindergarten- 
through-12th grade 
learning center, a tiered 
classroom and student 
support areas. Major 
funding for the $14 million 
project came from campus­
based revenue bonds, 
the ALSAM Foundation, 
the National Institutes of 
Health and the Poe Family 
Trust. The addition will 
provide needed space for 
UM’s surging College of 
Health Professions and 
Biomedical Sciences, 
whose pharmacy school currently is 
ranked No. 5 in the nation for earning 
I pharmacy research funding.
A weasel tries out 
the Critter Crawl
University lands major NIH grant
The National Institutes of Health 
has awarded $9.5 million to UM 
over the next five years to fund 
research on brain and neurological 
disorders. The grant renewed funding 
for UM’s Center for Structural and 
Functional Neuroscience, which 
works to understand the chemical 
and molecular processes used by 
brain cells to communicate with one 
another. It also delves into disorders 
such as Alzheimer’s, Parkinson’s, 
stroke and depression. Rich Bridges, 
a professor in the College of Health 
Professions and Biomedical Sciences, 
is the grant’s principal investigator. 
He said the award will continue center 
operations until 2010 and that it’s 
among the largest NIH 
awards ever given in 
Montana.
‘Critter Crawl’ 
earns patent
A new invention 
patented by UM aims to 
protect small animals 
from automotive hazards. 
Created by UM biology 
Professor Kerry Foresman, 
the crawl is a shelf 
suspended inside a culvert 
to allow animals to move 
more easily and safely 
under a highway — even when the 
culvert contains water. The shelf also 
sports a side tube for mouse-sized 
creatures that don’t want to expose 
themselves. The devices are being 
manufactured by Missoula’s Roscoe 
Steel & Culvert Co. and already are in 
use beneath some Montana roadways.
School, college take 
new monikers
Um created the first named school 
in the University’s history when the 
pharmacy school was renamed the 
Skaggs School of Pharmacy. The move 
honors L.S. Skaggs, who has donated 
$11.7 million to UM since the early 
1990s through his companies and 
ALSAM Foundation. The Montana 
Board of Regents also allowed UM 
to change the name of the School of 
Pharmacy and Allied Health Sciences 
to the College of Health Professions 
and Biomedical Sciences. Dean 
Dave Forbes said the name change 
acknowledges the expanding role of 
the college and its focus on teaching, 
research and public service.
Speaking of new names ...
President George Dennison has 
decreed that UM’s Science Complex will 
now be known as the Charles H. Clapp 
Building. The update honors Clapp, who 
served as UM president from 1921 to 
1935 before dying in office at age 51. 
The building had been officially named 
for Clapp in 1971, but it always was 
known as the Science Complex, and 
that’s what the sign out front read. 
However, with involvement
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of Clapp’s descendents during spring 
Commencement weekend, Dennison 
held a naming ceremony, unveiling a 
new sign bearing the Clapp name.
Student lands 
prestigious fellowship
Um doctoral student Florence 
Gardipee was awarded the first 
Boyd Evison Graduate Fellowship. 
A student in UM’s Division of 
Biological Sciences, Gardipee 
used the award to start new 
research on American bison in 
Yellowstone and Grand Teton 
national parks. She is using DNA 
samples and data to document 
the genetic diversity of the herd. 
The fellowship covers a maximum 
two years of funding, including 
tuition assistance and a yearly 
stipend for travel and field 
research costs. The fellowship 
honors Evison, who worked 42 
years with the National Park 
Service before directing the Grand 
Teton Natural History Association.
Video reveals 
overlooked history
Sally Thompson, director of UM’s 
Lifelong Learning Project, has created 
a half-hour film titled “Contemporary 
Voices Along the Lewis and Clark Trail." 
The video allows viewers to visit the 
descendents of American Indians 
encountered by the Corps of Discovery. 
It offers dialogue from 18 men and 
women who represent 13 tribes from 
Kansas to the mouth of the Columbia 
River. For more information, call 
(406) 243-5890 or visit http://www. 
trailtribes.org.
Paleontologist has big year
Um geology professor George 
Stanley had a banner year. First he 
was named a research associate 
of the Smithsonian Institution’s 
National Museum of Natural History 
in Washington, D.C. The honor goes 
to “scientists of distinction who 
maintain a scholarly affiliation with 
the Smithsonian and its research 
community.” He then was part of an 
international team working in China 
that discovered sea anemone fossils 
more than half a billion years old. And 
I finally he helped the University gain
Board of Regents approval for its new 
UM Paleontology Center, which includes 
a field station in the fossil-rich Fort Peck 
area and a partnership with a nonprofit 
group there that promotes paleontology 
in eastern Montana.
Construction set for bird center
In his August State of the 
University Address, President George 
Dennison announced that $750,000 
will be spent to complete renovation 
of UM’s Center for Avian Science, 
located at Fort Missoula. The center 
is a former U.S. Cavalry horse stable 
that has been converted to a state-of- 
the-art research facility.
Book reveals complex Wild West
A new book by UM archaeologist 
Kelly Dixon shoots some holes in the 
Hollywood stereotype of Old West 
saloons, revealing a society that’s more 
inclusive and complex. “Boomtown 
Saloons: Archaeology and History in 
Virginia City” examines the excavations 
of several Nevada saloons that 
represent a wide spectrum of wealth, 
race and class. One saloon, 
the Boston, was owned by a black 
man and primarily served African 
Americans. Delicate crystal stemware 
and bones from the finest meals were 
found there, revealing a more diverse 
and cosmopolitan West.
Program boosts business plans
Um has launched a new 
entrepreneurship training program, 
“The Montana Business Development 
Initiative.” Students enter the program 
with an idea for a business and exit 
with a business plan prepared under 
the guidance of UM faculty and 
business practitioners. The initial 
offering of the program was held during 
UM’s first summer semester May 
23-June 24, and the course offered 
students two to four credits. It’s aimed 
at junior or senior undergraduate 
students from any Montana college or 
university who don’t major in business. 
Recent graduates also may find the 
program attractive.
J-School lands RFK award
In a coup for journalism scholarship 
at UM, the University’s Native News 
Honors Project won a Robert F. 
Kennedy Journalism Award — often 
called the “poor people’s Pulitzer.” 
The award honors outstanding 
reporting on the poor and 
disadvantaged. Past winners include 
the Washington Post, National Public 
Radio and CBS’s “60 Minutes.” Now 
in its 15th year, the honors project 
is a class that allows UM students 
to delve into pressing issues facing 
Indian Country. The students then 
produce a special publication inserted 
in Montana’s largest newspapers. The 
award-winning entry, “Sovereignty,” 
describe the struggle of tribal 
communities to regain control over the 
welfare and future of their people, ffl
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Warming West
By Cary Shimek 
Vision Editor
When wildfires erupted 
across western Montana in 
2000,1 stubbornly rode my 
bike to work through the haze. 
No stupid fires were going to 
take away my exercise or ruin 
my summer.
But while I was at work one 
day that August, a plume of 
dense smoke blew north from 
the burning Bitterroot Valley 
and settled like a shroud 
across Missoula. A Stage 2 
Air Alert was declared, which 
meant particulates had risen 
to 150 micrograms per cubic 
meter of air. That didn’t 
mean much to me, but it was 
recommended that the elderly 
or people with asthma not 
exercise outside.
Since I was in reasonably 
good shape, I decided to brave 
the 6-mile ride back home. I 
pedaled through a white ghost 
world as I left the UM campus. 
Buildings across the street 
were hazy; you could stare at 
the dun-colored sun. The 
campfire smell was inescapable.
My mouth went dry instantly, 
and halfway home I was breathing 
sandpaper... and then knives. 
After reaching my doorstep, I could 
only take short, gasping breaths for 
the next half-hour.
The next day I drove.
Then it happened again in 2003 
— fires, smoke, national forests 
closed, retardant bombers roaring 
overhead, burning forest homes, 
people trapped indoors during 
summer’s best weeks. At night we 
watched the Black Mountain fire glow 
just beyond city limits.
Intense fire seasons are no picnic in 
the American West, and Missoula has 
experienced two whoppers this decade. 
And UM forestry Professor Steve 
Running says we may need to get 
used to them.
Running is a leading expert on
global climate change. He directs 
a lab that created software for two 
NASA environmental satellites that 
monitor the Earth’s health from space. 
They check the global temperature, 
vegetation, fires, snowpack and a 
host of other factors on a daily basis. 
Running also is helping write the 
2007 report of the Intergovernmental 
Panel on Climate Change. The panel’s 
2000 report states the Earth’s climate 
has demonstrably changed in recent 
decades, and some of those changes 
are attributable to human activities 
— especially emissions from our 
machines, factories and fires.
Running says there is irrefutable 
proof the world has warmed about two 
degrees Fahrenheit on average in the 
last 100 years. That may not sound like 
much to the layperson, but Running 
believes those two degrees 
are powering major climatic shifts 
that appear to be 
accelerated by pressures 
of human population and 
economic activity.
In the Northern Rockies 
those two degrees mean our 
winters are ending up to a 
month earlier than they did in 
1950. Running says that way 
up north in Edmonton, Alberta, 
the budburst of the aspen is 
coming a month earlier. Such 
I an early spring melts our 
1 mountain snowpack 
| more quickly, which in turn 
* extends our fire season for 
four more weeks in late spring 
and summer.
In addition, there seems 
to be less snowpack to 
melt. According to Science 
magazine, snowpack levels 
have declined 15 percent to 
30 percent in the Northern 
I Rockies and as much as 
3 60 percent in the Cascade 
| Mountains of Washington 
| and Oregon.
Running’s group did a 
| detailed study of Missoula’s 
® climate during the past 50 
years and found that the 
average temperature rise is more 
pronounced in the spring. He says the 
average March temperature was 32 
degrees in 1950. In March 2000 it was 
38 degrees.
And all of Running’s climate-change 
models point to continued warming in 
our region — perhaps as much as 4 to 
14 degrees Fahrenheit on average over 
the next 100 years, depending on the 
rate of increase of greenhouse gases in 
the atmosphere.
If a 2-degree rise in the last 100 
years gutted our snowpack and 
lengthened our springs, what would 4 
degrees do? It might get hot. Burning 
hot. Summers like 2000 and 2003 
— and 2005 turned out to be no picnic 
either — could become commonplace.
“Everything we believe shows that 
we already had our average fire season 
expand by approximately a month in the 
last 50 years,” Running says, “and we
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are fully imagining that it could expand 
another month in the next 50 years. 
Already our fire season in bad years 
seems to get rolling in mid-June instead 
of mid-July like it did in the old days.”
Running says snowpack is the one 
attribute of the Northern Rockies 
climate that has changed the most. 
“Midsummer temperatures are pretty 
much the same,” he says. “It's not 
really getting hotter in the summer — 
except our nights are a bit warmer. But 
when you look at the whole rest of the 
year and at other aspects of climate, 
nothing seems 
really big yet except 
this springtime 
snowmelt.”
So what will 
the climate of the 
Northern Rockies 
be like in 50 years? 
Running suspects 
western Montana 
may become 
more like western 
Oregon, where 
there is more rain 
in the winter than 
snow. That’s too 
bad, because the 
nice thing about 
snow is that once 
it falls it stays for 
awhile and requires 
a lot of energy 
to melt it off. 
Whereas water can 
evaporate more quickly, leading to drier 
landscapes and earlier fire seasons.
Western Montana has been spared 
massive fire seasons the last two years 
because of wet Junes, but Running says 
that can’t always rescue us.
"Hot, windy days can actually 
evaporate a quarter-inch of water a 
day,” he says. "So a couple of inches of 
rain that we receive in June can easily 
be evaporated away with a couple of 
weeks of hot weather. And if the rains 
don’t keep coming, we get 
into trouble.”
So, are the hills around Missoula 
going to start looking like the sagebrush 
mountains of Nevada in the next 100 
years? Running says the vote isn’t in 
yet. Because — from an ecosystem 
point of view — getting warmer in itself 
might not be too catastrophic if more 
moisture comes with it. And the higher 
temperatures of climate change will 
make select areas wetter.
“For western Montana, higher 
temperatures with more rain mean we 
kind of transition to a western
Washington kind of climate,” he says. 
“It hardly ever snows in winter in 
Seattle, but there is lots of rain. So we 
could end up with a milder climate that 
actually grows more trees.”
But our climate also might get 
warmer and drier, which Running 
describes as “a dramatically more 
detrimental trajectory.” Then many 
of our tree species might slowly and 
progressively die off, and there will be 
more wildfires.
However, a wetter climate for the 
Northern Rockies also could spawn 
more extreme fires depending on the 
seasonality of the rain. More moisture 
could grow more vegetation — fire 
fuels — and if the moisture comes 
during mild winters and the summers 
stay bone dry, then that’s a recipe 
for extremely catastrophic fire years. 
Running assures me that Montana 
will get warmer in coming years, but 
the great unknown is whether more 
moisture will come with it.
“From what we see so far, it’s not 
getting wetter,” he says, “but it might be 
too soon to tell. Some models suggest 
we might get wetter in this region, 
but I’m not sure how accurate our 
algorithms are. And that is absolutely 
the pivotal question — a question that 
I’m furiously trying to build a data set to 
answer... for the whole world.”
Running says a warmer Montana 
could have some advantages. For 
instance, deer and elk winterkill should 
go down, crops could be planted earlier 
and forests might be more productive. 
But new problems may arise, such as 
disrupted animal hibernation patterns 
and increased insect disease trends 
in forests. And early springs lead 
to extremely low-flow conditions for 
streams in late summer, which increase 
water temperature, decrease dissolved 
oxygen and stress out fish. The state’s 
blue-ribbon trout streams might 
become less productive.
With less snowpack, skiing also will 
suffer in coming years. Running says 
it’s already happening, pointing to 
the closures of the Beef Trail ski area 
near Butte and the Marshall Mountain 
Ski Resort near Missoula in recent 
decades. Those 
resorts declined 
as snow became 
less dependable, 
and Running 
hints he would 
think twice before 
building any new 
ski hills in the 
region.
Fire always has 
been part of the 
natural ecology 
of the Northern 
Rockies, and the 
landscape will 
s continue to burn 
f periodically — 
e whether we want 
| it to or not. People 
| have unnaturally 
| suppressed fire 
I for the past 100 
years, and now 
climate change makes this tinderbox 
more likely to burn.
So are more intense wildfire seasons 
on the horizon? Increasingly smoky 
summers with more Stage 2 Air Alerts? 
Running says most scenarios point 
in that direction. We will get warmer, 
but the question remains whether 
moisture will come with the increase in 
temperature. Right now it appears 
we are getting warmer without 
additional moisture.
All this makes fire science and our 
understanding of forest ecosystems 
ever more critical. We need to 
understand what’s coming so we can 
react appropriately.
The stories in the following pages 
explore efforts by UM scientists to 
understand fire and its impacts on 
our environment, health and society. 
They examine the burning questions 
that will be faced by Montanans for 
generations to come, ffl
For more information, e-mail 
Running at swr@ntsg.umt.edu.
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By Andy Smetanka
You don’t have to be particularly 
observant to notice the effect of fire 
on men. Watch how they stare into 
the embers of the barbecue long after 
the steak is gone. Better yet, next 
time you’re out driving around during 
outdoor burning season, watch how 
six men will stand attentively around 
a fire the size of a milk crate, all intent 
on doing their part to help wood and 
leaves combine with oxygen but still 
trying to look nonchalant about it. And 
not always succeeding.
Motivated individuals, of course, 
pursue ways to make fire not just a 
fascination but a livelihood as well. 
LLoyd Queen and Carl Seielstad are 
two of those guys — fire experts with 
postdoctoral degrees at the core of 
UM’s National Center for Landscape 
Fire Analysis.
(Top) Fire Intelligence Module 
team members Carl Hartung 
and Saxon Holbrook set up a 
computerized network of weather 
sensors near a Montana wildfire. 
(Left) A fire-severity map 
produced by UM’s National Center 
for Landscape Fire Management
The center is the prime locus of an 
increasingly sophisticated body of 
technology that brings minute-to-minute 
remote sensing data to bear on big 
decisions in wildland firefighting. Center 
workers rig up relay stations to transmit 
weather and fuel data to incident 
commanders via broadband wireless. 
They shoulder big packs and lay little 
eggs of surveillance equipment around 
fire environments. When they go on 
fires, Queen and Seielstad might sleep 
on the ground for six weeks and eat 
MREs three times a day while 
deploying their science projects and 
advising firefighters.
Along with some 16 other fire center 
employees — the number varies a 
little from season to season — Queen 
and Seielstad are the brains behind 
remote-sensing fire intelligence in 
western Montana. And unlike, say, 
most Missoulians, for whom wildland 
firefighting assumes a fitful Nomex- 
yellow reality only once the valley starts 
filling with smoke, Queen and Seielstad 
have fire on their brains pretty much all 
the time.
A Focus on Fire
As it happens, the brains recently 
have been transplanted. LLoyd Queen 
(yep, that’s with two capital Ls) looks 
barely settled in his new digs in the 
MonTEC building, just across the river 
from his old offices on the UM
Colin Hardy of the U.S. Forest Service Fire Sciences Laboratory, and 
LLoyd Queen, director of UM’s Center for Landscape Fire Analysis, 
near this summer’s Valley Road Fire in Stanley, Idaho.
Jim Riddering, manager of the fire center’s remote-sensing program, 
sets up a network of surveillance cameras atop a mountain near a 
burn in Washington’s Pasayten Wilderness.
campus. Earlier this summer, asbestos 
abatement forced the fire center 
out of its original home in the UM 
Clapp Building (formerly the Science 
Complex) and into the basement of the 
Journalism Building. The group then 
moved to MonTEC, the UM-affiliated 
technology-transfer center housed 
in a former beverage distributor’s
| warehouse just north of the Clark Fork 
I River near campus. It’s a good fit for 
them anyway, he says.
“We’re not completely atypical for a 
MonTEC business, in that our research 
and development activities are 
designed to translate to a client 
out there somewhere. The fundamental 
difference, of course, is that there’s 
no privatization of our technology. 
That’s part of our charter, and why 
we get money from the U.S. 
Department of Agriculture and the 
Department of the Interior.
“The federal dollars we get are 
for research and development 
for the fire community, mostly built 
around technology, of course, but 
we don’t have an explicit component 
in our charter to go commercial with 
those products and services. So, 
in terms of development activities 
focusing on an external clientele, 
we share that with the other people 
at MonTEC. But we’re not writing 
a business model. I’m not going 
downtown and putting up my shingle 
and selling satellite stuff or anything.”
Queen admits he’d still rather be 
on campus, but says it was worth 
the voluntary move to find a more 
permanent space for the current staff 
of 18. The MonTEC staff has been 
“awesome,” he enthuses.
“And we’re thinking puce,” he says, 
rolling his eyes at the bare walls of 
his office.
Drolly funny, Queen wears a bristling 
| flattop and several different hats at the
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Fire center hardware: (Top) A “birdhouse” that contains a small 
weather-sensing mote (inset) overlooking burning terrain. (Bottom 
left) Solar panels help power the equipment in the wilderness. (Bottom 
right) A hanging version of the mote hut.
— or computer mapping — program 
headed by Don Helmbrecht. And finally, 
the fire fuels program managed by Carl 
Seielstad. His colleagues tend to have 
experience in all three areas, Queen 
says, but concentrate their efforts 
largely on one. Even so, there’s a lot of 
beneficial overlap.
“The problem right 
off the bat,” says 
Queen, “is that none 
of our projects falls 
exclusively into any one 
of these organizational 
areas. The fuels work 
that Carl does has 
its GIS component 
and its remote 
sensing component. 
Organizationally, 
though, this works pretty well. 
We’ve been in existence now for five 
years, we’ve tried on a number of 
organizational styles, and this one 
works for us.”
Collectively, Queen adds, his team 
members bring more than a hundred 
years of fire experience to the job. 
Helmbrecht and Riddering were 
both Hotshot firefighters. Seielstad, 
in particular, seems to have done 
everything there is to do on a wildfire: 
Hotshot, engine, smokejumper, spotter 
and incident commander.
Queen worked two seasons on a 
hand crew in northern Minnesota, 
where he says the biggest burn he 
was ever assigned to was a 60- 
acre grass fire. But since then he 
has worked more than 70 large fire 
incidents, giving him the background to 
know whom to recruit.
fire center, where many institutional 
byways intersect and administrative 
entities overlap. “It’s a weird road map," 
Queen admits, reaching for a piece of 
scratch paper to sketch it out.
The primary administrative entity 
overseeing fire center operations (“Sort 
of the guy at the top of my food chain,” 
Queen explains) is the UM College of 
Forestry and Conservation, which is 
divided into three departments plus 
numerous centers and institutes.
The other UM-based research center 
most closely related to his own, Queen 
says, is the Numerical Terradynamic 
Simulation Group (NTSG), headed by 
satellite guru Steve Running. The two of 
them literally shared a door at the fire 
I center’s original digs, Queen recalls, 
claiming that the modest, down-to-earth 
Running is probably the best colleague 
he’s ever likely to have.
“He's probably the only person you’ll 
ever meet about whom you can truly 
say he’s better at what he does than 
anyone else in the whole world. He’s 
also a complete nerd. We kid him that 
his wife has to buy him Garanimal 
clothes so that he doesn’t wear checks 
and stripes together.
“To be real honest with you, though,” 
Queen admits, “the fire center and 
NTSG really don’t do that much 
research together. What Steve does 
is mostly global ecosystem physiology 
— carbon balance stuff — and what 
we focus on is fire almost exclusively. 
The relationship couldn’t be better, but 
they’re two separate things."
The fire center is divided into three 
elements, Queen says. There’s the 
remote-sensing program — "the 
airplane and satellite stuff, the laser 
altimetry stuff” — under project 
manager Jim Riddering. Then there’s 
the geographic information systems 
“With a few, maybe three or four 
exceptions, everybody working in our 
three program areas comes with a 
primary wildland firefighter background. 
That expertise is our greatest asset.”
Building a Better Birdhouse
Seemingly of equal importance, 
when one considers that these guys 
build a lot of their own equipment, 
is a top-shelf set of puttering skills. 
Seilestad says that browsing at 
local hardware stores has become 
a common pastime for him. A 
keen eye for “DIY” (do it yourself) 
explains the winningly homemade 
look of the contraption sitting in the 
office he shares with several other 
colleagues. Designed to shelter their 
newest remote-sensing gadget from 
the elements, it looks like a fancy 
birdhouse, mounted on a dowel the 
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I width of a broom handle and enclosed 
by chunks of louvered door — from five 
louvered doors, actually, chopped into 
pieces and painted white to make the 
structure less absorptive to sunlight.
The gadget this birdhouse is intended 
to protect, called a mote, is a suite of 
sensors for gathering temperature, 
relative humidity and other weather 
data, piggybacked to a minicomputer 
with a miniature Linux operating system 
and 900-megahertz radio. The whole 
effort, not counting the anemometer 
that plugs into a separate phone 
jack on the birdhouse, is smaller 
than a box of kitchen matches. Fire 
center researchers obtain these 
minicomputers, 
each assembled 
from around 
$100 worth of 
components, 
through a 
partnership with 
researchers at 
the University 
of Colorado and 
customize them 
with sensor-packs 
of their own 
devising. Soldering 
guns are as 
common as coffee 
cups in this office.
A graduate 
student named 
Carl Hartung, on 
loan from Colorado 
for the summer, 
programmed the 
driver that makes 
the system go. 
He finally got a 
chance to deploy 
the motes and
their shelters — officially still in the 
prototype stage — on the Selway- 
Salmon Complex of fires near Darby last 
summer.
Seielstad says each mote is powered 
by AA batteries (nearly everything on a 
fire line, Seielstad claims, is powered 
by AA batteries) that last only a day 
and a half if the mote is continuously 
transmitting data and up to three 
weeks if the mote is programmed to 
power up for data collection only at 
predetermined intervals.
One practical problem encountered 
during dry runs of the new technology 
is that the chronometers in the motes 
tend to drift over time. Meaning, 
Seielstad says, that the string of motes 
placed strategically around the fire 
I environment tend to fall out of sync 
with one another and in doing so 
compromise the network that moves 
the intelligence they’ve collected to the 
people who want to see it.
A mote with a drifting clock might 
wake up, try to send its “packet” of 
data, realize there’s no one else on 
the network to hear it and power 
back down. The bigger problem with 
that, explains Seielstad, is that once 
the motes are placed in the field, it’s 
difficult to reprogram their settings or 
patch up a compromised network short 
of sending someone out to fiddle with it.
“The interesting question from a 
computer science standpoint is how to 
make the system self-healing — how to 
Tailgate science: Fire intelligence Module team members Jim 
Riddering (top) and Nat Johnson monitor the wireless broadband 
network watching the Selway-Salmon Complex fires near Darby.
set up a network that can keep running 
if a node is, say, damaged by fire. 
Remaining nodes have to reorganize 
and find alternative pathways around 
the burned-up node without someone 
having to go out and monkey around 
with it.”
Safety protocols are of paramount 
importance, yet to the best of 
Seielstad’s knowledge, no one has 
perfected a way to program the nodes 
from a safe distance.
However, this is one of the goals 
of the wireless weather project. 
Seielstad, with some dozen years 
of on-the-ground fire experience, clearly 
enjoys meeting these technological 
challenges. All the same, he says that 
the technological conundrums make 
office work as demanding in its own
way as swinging a pulaski.
“You work all day fighting fire and 
when you’re done, you did something,” 
he says simply. “You don’t have to go 
home and think about it, whereas with 
this job you’ve been working all day on 
something that maybe didn’t work. You 
want to go home and play with the kids 
but you just keep thinking about that 
thing not working.”
Can We Play, Too?
It’s little surprise that the guys at 
the fire center look forward to taking a 
break from their research and getting 
out in the field to work on actual fires. 
When Queen, for 
example, gets 
assigned to a fire 
as a so-called 
“single resource,” 
it's not uncommon 
for 10 or more 
of his center 
colleagues to call 
him up and see if 
they can go, too. 
While not exactly 
a vacation, says 
remote sensing 
program manager 
Jim Riddering, 
getting out on the 
ground still feels 
like one after 
working in an 
office all summer.
However, 
Queen says, 
it’s “practically 
cosmic” when all 
the relevant forces 
line up just right to 
make that happen.
The fire center’s chief strategy and best 
hope for getting its men and the gear 
deployed in the field is something called 
the Fire Intelligence Module: essentially 
an organizational mechanism for 
combining individual “single resources" 
— that is, expert advisers like 
Queen and Seielstad — into one 
multitalented team of experts that 
can be ordered anywhere. A sort 
of Superfriends of wildland fire 
intelligence, only with their super 
powers limited to an advisory capacity.
“It’s a concept we came up with 
about a year and a half ago” Queen 
explains, “and it’s one of the best 
strategies, I think, that we’ve toyed 
with for taking our research and 
development, our technology, our ideas, 
I and bringing them to the ground.
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Some images captured by the 
fire center’s wireless, remote 
surveillance cameras
If a fire gets really complex, where 
there’s a need to get better and faster 
quantitative data on that fire, that’s the 
trigger for the fire module. It’s a really 
non-traditional concept.”
A simple fire, as Seielstad explains, 
is ideally one that burns from 8 a.m. 
to 8 p.m., is conveniently located 
and doesn’t have many logistical 
problems involving wildland-urban 
interface. Complex fires, on the other 
hand, are nowhere near roads, exceed 
operational periods, defy objectives, 
require lengthy questionnaires and can 
get pretty political when it comes to 
assigning relative values to the natural 
and man-made items that stand to 
get burned. Resources allocated to 
complex fires, he explains, are often 
rushed into an administrative and 
strategic void created as soon as they 
cease to be simple fires.
The Fire Intelligence Module’s 
function, Queen states emphatically, 
is not to put out fires. For starters, 
they don’t advise on fire suppression 
— only fire use, i.e. fires allowed to 
burn for resource benefit. Secondly, 
they’re on fire-use incidents only to 
advise. The role of the FIM, as Queen 
sees it, is to use technology developed 
by the fire center to move information 
more efficiently from data collection to 
decision-making.
Hopefully without getting in anybody 
else’s way. Fire is a very complex 
organization, Queen explains, involving 
coordination between nearly two dozen 
groups from the state and federal 
level down to local law enforcement 
just in the Northern Rockies. There 
are rivalries and ingrained prejudices. 
There is technophobia and resistance 
to innovation.
“The amount of knowledge and 
experience with technology [in the 
fire community] is widely variable 
right now,” seconds Seielstad, “and I 
think generally the fire community is 
distrustful of new technology — rightly 
so, in many ways. One of the things 
about the intelligence module is that 
we try to allay people’s concerns that 
they’re going to get stuck with stuff 
they don’t need. We’ve gone around 
and around with it. There are definitely 
things that fire could do better from our 
perspective, but there are also various 
places where things are better left 
alone. Walking that tightrope is difficult, 
and the general feeling on the fire side, 
I would say, is to err on the side of 
leaving things alone."
Team members have all heard their 
share of disparaging remarks about 
“university types,” he affirms, adding 
that there probably isn’t a firefighter 
out there who hasn’t had a bad 
experience with a researcher showing 
up on a fire and having it somehow turn 
into a bad deal.
“It takes a convergence of a lot of 
different things for a bunch of 
university people to be on a fire and 
say to the team, ‘Hey, look, we want 
to stand in front of this uncontrolled 
wildland fire and take a bunch of 
measurements and take a bunch of 
cool pictures and send them to you 
— is that OK with you?’ We’ve certainly 
had our opportunities to make 
ourselves look bad.”
Recently, however, they’ve taken 
most of those opportunities to make 
themselves look good. Queen recently 
returned from a single-resource 
assignment on a fire in Grand Canyon
I National Park, where a little gentle
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I ingratiating and a convincing show of 
fire center technology won over some of 
the prickliest skeptics.
“Inevitably for the first two or three 
days," he muses, “people are going to 
be like, ‘Who the hell are you? Why are 
you here? How much do you cost? Can 
you fit into this organization?’ When 
I left the Grand Canyon fire, all five 
section chiefs from the overhead team 
came up and said, ‘If you ever have 
trouble getting on a fire again, have 
them call me and I’ll vouch for you.’”
Burning Intelligence
An even bigger success was his 
team’s six-week deployment on a burn 
in the Pasayten Wilderness along the 
Canadian border in central Washington, 
a small but remote and complex fire 
the local ranger district handed over to 
an interagency overhead management 
team shortly after Queen and his team 
members arrived on the scene. Once 
again, Queen had to endure a heaping 
helping of attitude.
“My first day there, the planning 
section chief introduced me and said, 
‘Hey, we’ve got this professor from a 
university here and God knows how 
many millions this is costing us and 
whether it’s going to be useful or not.’ 
Three days later, the same guy came 
back and said we could have anything 
we wanted."
Forging these friendly relationships 
with local agencies, Queen contends, 
is key to the future of the organization, 
which also cooperates closely with 
the Nine Mile Ranger District, the Fire 
Sciences Laboratory and numerous 
other local agencies, centers and 
institutes.
“I’m prepared to say,” Queen 
ventures, “though I don’t think Carl 
I would be quite this bold, that there’s 
nobody else in the country doing 
this. Again, for me it comes back to 
that combination of fire experience 
and technology experience coming 
together in the right places and in 
the right way. If it costs too much or if 
it’s done inappropriately or if we ever 
violate any safety protocol, we’re done.
| We have zero degrees of freedom to 
screw anything up. Like I say, a lot of 
things have to line up just right. And 
the relationships and a record of past 
successes are key.”
The fire module logged another 
successful outing when it deployed to 
the Selway-Salmon Complex of fires 
near Darby Aug. 24-Sept. 12. The 
I complex involved 46 wilderness fires
Fire fuels program manager Carl 
Seielstad uses an electronic 
weather instrument near Darby.
that were allowed to burn for resource 
benefit. The module’s mission: help 
administrators manage public safety 
— especially outfitters and other people 
operating in the fire environment.
Seielstad says the module deployed a 
Local Area Network that connected fire 
camp, the U.S. Forest Service District 
Office, three mountaintop fire lookouts 
and Kit Carson Campground. Steerable 
surveillance cameras were installed at 
the lookouts atop Spot Mountain and 
Hell’s Half Acre to provide real-time fire 
intelligence.
“Our cameras were used to monitor 
fire behavior near public access points 
like roads and camps,” Seielstad says.
The research group also set up a 
network of wireless weather samplers. 
This involved a lot of tough hiking to 
set up tiny sensor packages within little 
wooden birdhouses. The nodes within 
the birdhouses would wake up every 15 
minutes to transmit packets of weather 
data to fire managers. The system 
studied the inversions and thermal belt 
around fires, which allowed managers 
to make more informed decisions about 
possible fire behavior.
“Once we had our broadband system 
set up, we could do unbelievable 
things,” he says. “We were able to 
communicate and surf the Internet in 
the middle of the wilderness.”
And the action didn’t end there. 
On Sept. 22 the module hit the road 
again — this time deployed to a blaze 
in California’s Lassen National Park to 
| provide smoke monitoring.
Playing with fire
Asked whether he liked playing 
with fire as a kid, Riddering, the head 
of the center’s remote-sensing unit, 
shoots a “Well, DUH!” look at a grinning 
Seielstad.
“Well, who didn’t?” he practically 
gasps. “You know how guys will sit 
around staring into a campfire? Well, 
that’s just magnified on a big fire. It’s 
fascinating. And it’s exciting. These 
people are basically your brothers and 
sisters for the season.”
It’s Seielstad, though, who really 
itched for a fire to go on this summer. 
It’s kind of like sports, he says: the 
fitness, the teamwork, the friendly 
competition among crews and, most 
of all, the sense of achievement. 
The Pasayten people would have the 
Fire Intelligence Module back in a 
heartbeat, he contends, but they might 
not have another fire that requires it 
for 20 years. Still, Seielstad predicts 
that the wildland-urban interface areas 
burgeoning across the West are bound 
to result in more and more complex 
fires in coming decades. The Fire 
Intelligence Module could well prove to 
be years ahead of its time.
“The whole fire thingjust gets into 
you,” he says, gazing out the window. 
“It’s really fun, for one thing. You’re 
out in the woods, there’s kind of a 
team feeling to it. Maybe that’s the 
overgrown kid thing again — play high 
school sports and you’re part of all 
these teams and you want to prolong 
| it somehow without playing city-league 
basketball. For us, Hotshot crews are 
totally a surrogate for playing football.” B
For more information, e-mail 
Queen at lpqueen@ntsg.umt.edu.
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j By Chad Dundas
Each year the United States 
government spends billions to ensure 
its soldiers have the best education, 
the best training and the best 
equipment in the world. This summer, 
working alongside crews of wildland 
firefighters in the hot and smoky hills of 
Montana, two UM researchers pitched 
in to make sure the U.S. military also 
eats the best food.
With an initial grant from the 
Department of Defense, Professor 
Brent Ruby and Associate Professor 
Steven Gaskill, both researchers with 
the Department of Health and Human 
Performance, have spent part of their 
summers conducting studies and 
collecting data while working in the 
chaotic and sometimes dangerous 
environment of the fire lines. Their 
research helps the U.S. Forest Service 
monitor firefighter health and safety 
and devise new ways to keep fire 
crews fit and out of harm’s way amid 
hazardous conditions.
“We study pretty much anything that 
affects the firefighter,” Gaskill says. 
“Most of the research with wildland 
fires is done on fire behavior, the fuels, 
| the terrain that they’re in, but what we 
do is work with the actual functioning 
of the firefighters."
The two are part of a cooperative 
effort between the University and the 
Forest Service that dates back to the 
early 1960s. That's when Brian
Food gurus: UM researchers Brent Ruby (left) and Steven Gaskill study 
whether old-fashioned MREs (held by Ruby) should be replaced by the 
new First Strike Rations for soldiers and firefighters in the field.
Sharkey, now professor emeritus with 
the School of Education and one-time 
president of the American College of 
Sports Medicine, began working with 
the Missoula Technology Development 
Center on basic health and safety 
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issues for firefighters, including 
work output studies and benchmark 
fitness standards. Then during their 
years in the field, Gaskill and Ruby 
have analyzed the fire crews from a 
number of different perspectives, most 
recently involving how different feeding 
strategies can affect productivity and 
safety on the fire lines.
The program has been a success. 
Now the government wants Ruby and 
Gaskill to help streamline and analyze 
the way combat soldiers eat, using the 
firefighter as a model.
"The military has always been 
interested in our research,” Ruby says, 
“because they see it as a way to test 
out their concepts and theories and 
products or feeding strategies in a 
hostile environment that has similar 
psychological and physiological strains 
associated with combat, for the most 
part. People die in combat, people die 
on the fire line. There is this underlying 
psychological strain associated with 
the job.”
Sometime in the near future, the 
armed forces’ Meal Ready to Eat or 
MRE — the prepackaged food in sealed 
plastic sacks and cardboard containers 
that has been the standard
Monitoring Hotshots and hot air
By Chad Dundas
Local Hotshot crews conduct 
prescribed, controlled burns to lessen 
the risk of major summer wildland fires 
each fall and spring. UM researchers 
Curtis Noonan and Tony Ward will 
monitor the crews during these burns 
to study how working in the smoke 
and pollution of forest fires affects 
firefighters’ health.
“Basically we’re interested in 
assessing their exposure to the 
smoke,” Ward says. "Those guys are in 
it when they’re doing their controlled 
burns. We’re really interested in how 
much smoke they’re exposed to in a 
wildfire event.”
The problem is that springtime 
conditions have to be ideal in order 
for Hotshots to do the early-season 
controlled burn that Ward and Noonan 
need fortheir study. Once the science 
gets rolling (next year, hopefully), 
Noonan and Ward will outfit the 
Hotshots with small personal monitors 
that will sample exactly what the 
firefighters are breathing.
“We’re going to hang little pumps on 
them that collect airborne particulate 
matter,” Ward says. “It collects an air
A firefighter readies his food 
rations for a day in the field.
chow issued to combat soldiers since 
the early 1980s — could be replaced 
with slicker, quicker, healthier options, 
according to Ruby.
“The problem (with the MRE) is 
that you have to open it and prepare it. 
Often times, if you want to eat your
I sample from where they’re breathing. 
The idea is to get an exact replicate 
of how much smoke they breathe in a 
work shift, how much smoke they’re 
exposed to, and then correlate that to 
how much smoke they’re breathing 
during a forest fire event.”
Ward, an assistant research 
professor, and Noonan, an assistant 
professor of epidemiology, both 
work in UM’s Center for Environmental 
Health Sciences. They will analyze 
data from the personal monitors 
along with a team of industrial 
hygienists from Montana Tech. They’ll 
also determine what the firefighters are 
breathing and whether the health risks 
of being a Hotshot are greater or less 
than expected.
“(We’re also looking for) biological 
markers in your body that show that 
you’re struggling to deal with the 
particulate matter that you’re breathing 
in,” Ward says. “Of course, the more 
you breathe in, the harder your body’s 
working, the more these markers 
are present."
Ward says the scientists are anxious 
to get started, because they hope this 
project can lead to a deeper study on
| the health effects of fighting forest fires. 
I chicken teriyaki with rice and make 
it desirable, you have to cook it,” 
says Ruby, the director of UM’s Human 
Performance Laboratory. “It can be a 
hassle for these guys, because 
they’re trying to eat on the go .... For 
a variety of reasons it’s not the most 
convenient option.”
When the military debuts its new 
food for soldiers, called First Strike 
Rations, there might not be a “Made in 
Montana” sticker on the wrapper, but 
it will certainly have been tested in Big 
Sky Country. In August, the Army sent 
two large loads of the stuff to Missoula 
and dispatched a small team of its own 
researchers to help Gaskill and Ruby 
distribute it to a few Forest Service 
firefighters. Consenting crews had 
their normal food supplies replaced 
with First Strike Rations in order to use 
the firefighters’ daily dietary needs to 
mimic the demands of combat soldiers.
Firefighters were outfitted with small 
personal monitors, which assessed 
their work output throughout the 
day. They also submitted urine and 
blood samples for before-and-after 
comparison and participated in some 
computerized cognitive tests during 
and following their shifts to test how
A personal monitor to collect 
particulate matter breathed by 
firefighters at work
“This is the first step,” Ward says. 
“Ultimately we’d like to go into the 
fire camps and do some monitoring. 
Hopefully we’ll get in to a more severe, 
real application during a forest fire 
and collect samples from those guys 
out there.” 13
For more information, e-mail Noonan 
at curtis.noonan@umontana.edu or 
Ward at tony.ward@umontana.edu.
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Some images courtesy of Brent Ruby
The mobile human performance lab Ruby and Gaskill use at fire camp
they held up 
mentally after a 
hard day’s work 
with First Strike 
Rations for food.
“We’re basically 
evaluating a 
whole host of 
variables for the 
Army, and three of 
their researchers 
(came) out to 
coordinate the 
large-scale 
feeding study,” 
Ruby says. “We’re 
going to look at 
the differences 
between the 
MRE approach to 
feeding and the 
new First Strike 
Ration to see if
it will affect a whole host of markers, 
from psychological stress to work 
output to hydration status and so on.” 
Ruby says most fire crews are open 
to taking part in the tests, even if it 
does mean subjecting themselves to 
sometimes tedious tests at the end of a 
long workday.
“We really work hard to 
establish a very good level of 
communication with the fire 
management team so that 
they’re very clear why we’re 
there, why we’ve selected that 
particular fire, why we’re working 
with that crew,” Ruby says. “All 
the time these fire management 
teams bend over backwards to 
get us all settled.”
Data from that study will take 
awhile to analyze, but the results 
will likely support what Ruby and 
Gaskill already know: that the 
traditional approach of splitting 
the workday in two parts with 
a sit-down lunch break in the 
middle is not the best way to feed 
high-endurance workers like firefighters. 
It can lead to diminished work capacity 
late in the day, and even though the 
firefighters may not even realize it, it 
may also cause them to become less 
focused and careful.
A better way, Ruby and Gaskill say, 
is to simply let the firefighter or soldier 
snack throughout the day on foods that 
are high in carbohydrates with modest 
protein content.
“We know that by altering their 
feeding strategies just a little bit we can 
increase their work output by as much 
| as 20 percent,” says Gaskill.
Ruby, himself a triathlete and avid 
runner, likens this feeding strategy to 
the system that endurance athletes 
have been using for years in events like 
the Ironman triathlon, Eco-Challenge 
and the Tour de France. In those 
events athletes carry small and easily 
accessible packets of food that they 
“If you feed somebody like 
Lance Armstrong a sack 
lunch on a day in the 
Pyrenees, it’s not going to 
work. So the feeding 
strategy that ultra-endurance 
athletes have developed over 
the years is what we’d like 
to see put in place with the 
wildland firefighter.”
— Brent Ruby 
UM Professor
eat throughout the day, whenever they 
have time. This approach is more likely 
to keep muscles well-fed and the mind 
sharp, and Ruby says it could translate 
to an extra two or three hours of good 
work for a firefighter.
“If you feed somebody like Lance 
Armstrong a sack lunch on a day in 
the Pyrenees, it’s not going to work,” 
Ruby says. “So the feeding strategy 
that ultra-endurance athletes have 
developed over the years is what 
we’d like to see put in place with the 
wildland firefighter.”
The military’s First Strike Rations 
adhere to a similar 
philosophy, using 
small, easy-to- 
open packets 
of food for the 
on-the-go realities 
soldiers face.
Field studies on 
the fire line can be 
both frustrating 
and exhilarating, 
the UM scientists 
say, because 
unlike normal lab 
work, they can’t 
control what goes 
on around them. 
Ruby and Gaskill 
often wait weeks 
to find out which 
fire they’ll be 
covering. Once 
the Forest Service 
gives them a location, they have to 
scramble their team of half a dozen 
graduate students and transport their 
equipment (and food) to the fire camp 
to set up the series of huge dome 
tents that serve as their temporary 
laboratory. They stay up late and get up 
early in order to conduct tests on fire 
crews as they come and go — the 
scientists themselves conforming 
to the grueling schedule of the 
firefighter.
“It feels like 98 percent of 
the data collection happens in 
the dark,” Ruby says. “We're 
talking to the crews late at 
night when they come off the 
shift or we’re talking to them 
between 4:30 and 6 o’clock in 
the morning when the sun hasn’t 
come up yet.”
The researchers say their 
No. 1 priority is coming up with 
ways to keep fire crews safe, but 
both Ruby and Gaskill point 
out that they’re not in the 
business of trying to influence
Forest Service policy.
“In general the wildfire community is 
pretty darned receptive of our data,” 
Ruby says, “but it’s a bureaucratic, slow 
process, trying to make any changes. 
We’ve struggled because our job is 
really not to be political activists for the 
firefighter and to try to make change 
happen, our job is to put the data 
out there and see if somebody in the 
wildfire community will run with it.” H
For more information, e-mail Ruby at 
brent.ruby@mso.umt.edu or Gaskill at 
steven.gaskill@mso.umt.edu.
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Student Scientist Q & A
Researcher 
studies birds 
inhabiting 
burned forest
By Caroline Kurtz
Jenny Woolf, 33, is a true product 
of the Midwest, but she has difficulty 
saying exactly where she’s from. One of 
four sisters, Jenny was born in Illinois 
and grew up in Missouri, Iowa and 
Florida. She attended the University of 
Florida for two years, and then moved 
west to Oregon State University. She 
came to Missoula six years ago to 
obtain a master’s degree and now is 
beginning her third year as a doctoral 
student in UM’s Wildlife Biology 
Program.
Q: What first drew you to 
science?
A: I was always interested in animals 
and liked science. At the University of 
Florida I took an honors ecology class 
with an awesome teacher. We had 
to do several assigned field studies 
and a semester-long project of our 
own choosing based on 36 hours of 
observations. I picked herons 
because Florida has lots of 
different species. If you have 
the patience to stay and 
watch for hours you start 
to see the subtle behavior 
differences between species.
Q: What do you study 
now?
A: Basically I’m looking at 
the population genetics of 
black-backed woodpeckers 
with the goal of learning how 
they move among patches 
of burned forest. Species that are 
adapted to early post-fire habitats are 
so interesting because their preferred 
habitat is available for such a short 
period of time — much shorter than the 
birds’ lifespan. Black-backs primarily 
rely on recently burned areas to live 
and breed. They are naturally rare and 
wide-ranging, but no one knows how 
far-ranging. They use a burned area for 
about four years and then move, but we 
don’t understand how far an individual 
bird might go and still remain in a given 
population for breeding purposes.
A black-backed 
woodpecker
That’s where the genetics comes in: 
You have to know how individual birds 
are related to know if they’re in the 
same population or not. Also, you can’t 
make educated decisions about forest 
management without knowing which 
burned patches are connected from 
the birds’ point of view. If you salvage 
a burn near Missoula, are you taking 
habitat away from a population that 
extends to Glacier?
Q: Do you spend a lot 
of time in the field? 
Where?
A: We were in the field 
nearly all May, June and 
July. The woodpecker project 
has sites around Missoula, 
in Glacier National Park, in 
Oregon and Alberta. Each 
site had two people working 
it. Black-backs are very hard 
to find unless they’re around 
the nest, which they make 
in a cavity they excavate in a tree each 
year. Once we find a nest, we spend a 
lot of time watching it with binoculars 
from far away. We want to get blood 
samples from both parents, but not on 
the same day if possible so we don’t 
interfere with feeding the nestlings. 
When an adult bird leaves the nest, one 
person runs to the tree, quickly adjusts 
the net pole to the right height, then 
lies down at the base of the tree under 
camo netting. The longest anyone had 
to wait was four hours. When the bird 
returns, the other crew member alerts 
the net holder on the radio, and he or 
she jumps up and slaps the net over the 
hole. Some birds got agitated and took 
a long time to come out; others flew 
right out into the net and we can quickly 
get them weighed and banded and take 
a blood sample.
Q: How is your work funded?
A: From a number of sources now: the 
National Center for Landscape Fire 
Analysis; the Yellowstone to Yukon 
Conservation Initiative; Montana Fish, 
Wildlife and Parks; and Forest Service 
Region 1.
Q: What is the most rewarding 
part of your work?
A: I am very excited to use a great tool 
such as genetics to answer questions 
that you can’t get at another way.
Q: Do you feel UM has a climate 
that nurtures young scientists?
A: Yes. I enjoy the atmosphere here. 
It’s friendly, casual, noncompetitive.
I’ve had a huge amount of support from 
wildlife biology and also from other 
graduate students.
Q: What about future plans?
A: To find more funding and finish the 
project! Realistically I probably have 
another three years. But I love Missoula 
and I’m not in a rush to leave. I want to 
do this project right. B
For more information, e-mail
Woolf at jwl53160@cuel.umt.edu. Pho
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By Vince Devlin
That forests and 
fires go together is 
a given.
But in recent 
years, they haven’t 
gone together well. 
Intense infernos have 
blackened thousands 
of acres of pine 
forests and killed the 
big trees that once 
benefited from fire. 
Fire suppression, 
past logging and 
successional changes 
have resulted in high fire hazard over 
large areas of the United States.
How best to pull forests and fires 
back into harmony is the goal of an 
unprecedented national research effort
involving UM.
In a network of 13 research 
sites stretching from Washington 
to Florida, scientists are looking at 
how best to return fire to a positive 
in the ecosystem. At UM’s Lubrecht 
Experimental Forest, a 28,000-acre 
outdoor classroom and laboratory east 
of Missoula, a study funded by the 
National Joint Fire Sciences program is 
tackling this question.
UM Research Professor Carl Fiedler 
leads a team of four College of Forestry 
and Conservation faculty who direct the 
Montana portion of the study.
“Four hypotheses drive the 
treatments being tested,” Fiedler says.
On three separate 100-acre 
parcels within Lubrecht Forest, UM 
researchers have carved out four 25- 
I acre treatment units.
In one, they thin trees to restore 
forest structure.
On another, they use prescribed 
burning to restore the process of fire.
On a third, they use a combination 
of thinning and burning to restore 
structure and process.
And on the fourth, they do nothing.
“It’s called passive management,” 
Fiedler says of the fourth hypothesis. 
"The idea there is that nature 
knows best.”
Truth is, for millennia, nature did. 
But man’s involvement in the last 
century, through fire suppression 
and sometimes careless logging, has 
created a different kind of forest — and 
a different type of wildfire.
How best to manage the forest to 
enhance fire’s positive effects and 
neutralize the negative is the quest of 
this six-year study, which began 
in 2000.
At UM, it means four graduate 
students have been fully funded for 
three years to study invasive plants, 
soil nitrogen cycling, bark beetles 
and wildlife responses. Another 15 to 
18 undergraduates have worked as 
research assistants in a study.
“We want to do things that have 
the most positive, and least negative, 
effects on a forest,” Fiedler says. “We’re 
not just looking at reducing fire hazard. 
We're looking holistically at the forest, 
at the density, structure and species 
composition of trees, as well as other 
plant, animal and soil components that 
make up a forest.”
Each 25-acre treatment unit is 
| subdivided into many smaller plots 
for detailed study. Treatment effects 
on vegetation, including tree growth 
and mortality, are measured. So is 
“understory” vegetation, which 
includes native and exotic plants and 
noxious weeds.
Woody fuels — their size, volume and 
arrangement — are intensively sampled. 
UM researchers also monitor small 
mammal populations and the feeding 
habits of bark-gleaning birds.
The physical, chemical and 
microbial properties of soil are studied, 
as are insects (primarily bark beetles) 
and the volume and value of timber 
products removed.
Companion studies are being 
conducted in Alabama, North 
and South Carolina, Ohio, Florida, 
Washington, Oregon, Arizona, New 
Mexico and California. Researchers 
from the National Park Service, the U.S. 
Forest Service, UM and the universities
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Images courtesy of Carl Fied
of Washington, California at Berkeley, 
Ohio State and Clemson are involved.
“To look in detail at only one location 
would give us good, but restricted, 
data,” Fiedler says. "In different 
environments you may get similar or 
contrasting results. Either way it’s 
valuable information that can be used 
at the local, regional or national level.”
He calls it “value-added results.”
“We have core variables we’re all 
measuring in the same way,” Fiedler 
says. "It’s very different than if we were 
all doing our own thing.”
Meta-analysis — the combining and 
analysis of data from a number of 
similar studies — has its origins in the 
medical field and is just now coming
into its own, Fiedler says.
“For example, if 10 or 11 of 13 
sites have a common response in a 
variable, that’s pretty 
powerful,” Fiedler 
says. “Across the whole 
network, we’ll have a 
pool of data that's very 
valuable.”
It’s not easy to obtain. 
Half of the study involves 
fire —three units 
treated with fire alone 
and three with a 
combination of thinning 
and prescribed fire.
“You make a mistake 
with a chain saw, and 
you kill one tree,” Fiedler 
says. “Make a mistake 
with fire, and you’ve 
got a Los Alamos on 
your hands.”
The Los Alamos fire 
of 2000 in New Mexico
started as a prescribed burn that ended 
up torching nearly 50,000 acres.
The goal is not to create a forest that
A UM student studies 
the small mammal 
populations at 
Lubrecht forest.
doesn’t burn, but to create one that 
burns in a beneficial way.
Low-intensity fire 
traditionally thinned out 
smaller trees and ground 
fuel, but fire suppression 
has changed the look and 
flammability of forests. 
Where once trees were 
scattered across open 
areas, today forests are 
as crowded as Grand 
Central Station. Younger 
sun-starved pines may 
only reach a height of 3 
feet after 30 to 40 years, 
and intense wildfires 
now burn through dense 
forests killing everything 
in their path.
Researchers use 
historical photographs 
and journal accounts to 
determine what forests 
looked like a century ago, before fire 
suppression and logging changed the 
face of the forest ecosystem.
Early results of the study, Fiedler 
says, indicate that a combination of 
thinning and burning is most effective 
in reducing the fuels that spark intense 
wildfires. This treatment also is best 
for increasing native plant diversity, 
nitrogen availability for plant growth 
and foraging habitat for woodpeckers 
and nuthatches.
But it also creates the most 
hospitable conditions for invasion 
by exotic plants and noxious weeds, 
increases deer mice — considered a 
“pest” — and discriminates against red- 
backed voles, a species beneficial to 
forest growth and regeneration.
It may be, Fiedler says, that a 
combination of thinning and burning 
serves up not only the most positive 
effects, but also the most negative. 
There is still much to be learned, 
and Fiedler says the longer the study 
runs, the more relevant the results will 
be. Though none of the treatments 
appears to be a "silver bullet,” wildfire 
in today’s dense forests would be a 
magnitude greater intensity than any 
treatment being tested at Lubrecht, 
with correspondingly greater impacts.
“The forest has almost morphed in 
front of our eyes,” Fiedler says. "The 
forest of today is not the forest our 
parents or grandparents knew.”
Getting that forest back — a 
vigorous, sustainable, resilient forest 
— is a tall order.
And one, at The University of 
Montana, people such as Carl Fiedler 
are tackling, ffl
For more information, e-mail Fiedler 
at carl.fiedler@cfc.umt.edu.
UM graduate students Kyle 
Dodson (left) and Kerry Metlen 
study Lubrecht forest vegetation.
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ECOS program gets kids doing science outside
By Richard Chapman
On a blue-sky spring day at the end 
of March 2005, high school students 
and teachers watched two Department 
of Natural Resources’ fire technicians 
torch nine good-sized plots of 
bunchgrass, knapweed and cheatgrass 
on an acre of DNRC land a short walk 
from Missoula’s Big Sky High School.
Each plot was sectioned off into 
squares (or "cells”) and random 
numbers of these cells were chosen 
to answer questions the eight classes 
of sophomores had come up with 
before the fires were set. Each of the 
questions was to be answered using 
scientific methods of inquiry.
When wildfires sweep across the 
land, what happens to the insects? 
What becomes of the bacteria in the 
soil? The moisture? The nutrients? How 
long does it take for the grasses and 
plants to come back? Do they come 
back in the same mix or does one 
species take over?
The eight BSHS science classes were 
trained by Jenny Woolf and Andrew 
Whiteley, UM graduate students in 
wildlife biology. They helped the classes 
come up with questions that could be 
answered with a variety of methods:
| random cells clearly identified for 
pre- and post-fire measurements; 
comparative observations using 
experimental plots with two different 
burn-intensity variables — control 
plots with none; and clearly outlined 
procedures that anyone could repeat.
Science can be a tough sell for 
classroom-weary 16-year-olds, says 
BSHS teacher David Oberbillig. And 
according to Woolf, "It’s not cool for
UM graduate student Jenny 
Woolf (center) leads high school 
students in an experiment.
students to think science is fun, so our 
job is to get them excited, earn their 
respect and get them engaged."
Both agree that going outdoors and 
getting hands-on with what they’ve 
been learning indoors makes a great 
deal of difference.
“This is really exciting,” says 
sophomore Kalian Kropp, “and I’m glad 
we can actually take all the stuff we 
learn in class and put it to use.”
BSHS teacher Kathleen Kennedy 
says many of her students had no idea 
what doing science involved, and one of 
them said, “You mean you can actually 
earn money doing this outside?"
The burn plots are among several 
outdoor science-education laboratories 
in Missoula and many throughout the 
nation. They are all part of the National 
Science Foundation's GK-12 program. 
GK-12 gets university-level graduate 
teaching fellows — that’s the “G” — 
involved in K-12 science education and 
scientific research — much of it hands- 
on and outdoors in schoolyards and 
nearby habitats.
Fifth-graders at Target Range Middle 
School in Missoula have been involved 
in invasive species studies on land 
just beyond the school’s boundaries, 
and second- and fourth-graders at
I Missoula’s Lewis and Clark School
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| spent part of last year in habitat 
restoration projects. K-3 students at 
Florence Carlton School in the Bitterroot 
Valley designed an outdoor classroom, 
and Sussex School students developed 
a native plant teaching garden.
Locally, the National Science 
Foundation-funded program is called 
Ecologists, Educators and 
Schools: Partners in GK- 
12 Education — ECOS for 
short. Program director 
Carol Brewer asks, "What 
better outdoors learning 
place is there than 
Montana? Kids can learn 
about environmental 
relationships on the 
edge of every schoolyard, 
and they can learn how 
to set up ecological 
experiments with the 
help of their teachers 
and the University’s 
graduate students.”
It’s not just being on 
the outer perimeters of 
the schoolyard 
that facilitate learning. 
Whiteley and Woolf 
note that all the students 
live in a land of fire, 
wildlife, hunting and 
fishing. Their lives, in a 
sense, are schoolyards 
too, and once those 
connections are made — 
well, walls of separation 
between school and 
where you live and 
between learning indoors 
and learning outdoors 
begin to come down and 
interest sparks.
Brewer says that 
“controlled burns are not 
your typical classroom 
experience, but fire 
is part of our lives in 
western Montana, 
and it’s important to find ways for 
students to understand the ecological 
implications.”
Oberbillig finds his students to be 
extremely creative and curious and says 
that “being out-of-classroom works. The 
structure of the classroom dissolves 
and engagement happens.”
This proved to be true as well for 
students standing in the Bitterroot River 
using random sampling techniques to 
determine fish populations along the 
river’s edge. “Any time we have a way to 
demonstrate science as a process and 
I put it in students’ hands, it engages
post-burn measurements. In others, 
there weren’t. The questions having to 
do with insects, for example, produced 
ambiguous results. Oberbilling told 
his students, "Well, we might have 
to ask clearer questions, or do more 
replicates, maybe narrow our focus.” 
Woolf put it this way: “Things went 
wrong here and there, and so students 
got to see that failures happen. That’s 
useful, too. Besides, in this setting it’s 
better to have student involvement than 
data that’s pristine-pure.”
ECOS is about more than just getting 
students involved in science outside
them,” Oberbillig says.
The principal goal of these projects 
was, in fact, to show that science is a 
process and that it can be fun as well 
as engaging. These goals by and large 
were met, Woolf says.
In some cases there were clear 
differences between the pre-burn and
the classroom. It’s also about getting 
people together. In the controlled burn 
event, Woolf celebrates the "great 
collaboration” among several University 
programs, the DNRC and the Forest 
Service Fire Lab.
“Permits came freely and so did 
resources, and lots of non-ECOS 
volunteers from UM’s 
wildlife and biology 
programs came out,” 
she says.
Carol Brewer sees 
all this as more than 
cooperation. “It’s about 
building partnerships. 
In some of the K-6 
settings we’ve even had 
kids bring their parents 
to see the effects of 
their experiments.” She 
points out that there’s 
a national movement 
toward involving citizens 
in scientific observation 
and data gathering, 
and cites as an 
example annual 
Christmas bird counts.
“It’s not just about 
getting students 
involved,” she says. “It’s 
about all citizens, all 
agencies and all levels 
of education.”
One of the side 
benefits for the 
University graduate 
students who spent 
several hours each 
week in high school 
classrooms was 
“watching teachers 
teach,” Woolf says.
As for the high 
school teachers, 
Oberbillig says, “my 
own scientific curiosity 
was engaged by the 
ECOS program. It was 
motivating for me to take a new look 
at a familiar curriculum. It has added 
to the way I teach.” And for Kennedy 
ECOS was a "wonderful opportunity” 
to reconnect with the University — “a 
tremendous resource.”
Exactly right — music to the ears 
of those who hope ECOS can create 
a national model of how hands-on 
research experiences at the K-12 level 
can improve the teaching and learning 
of science, is
For more information, e-mail 
Brewer at brewerc@mso.umt.edu.
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Research 
unburned 
may
By Chris Bryant
When a fire moves through a 
forested area, it’s the destruction that’s 
easiest to see — blackened landscapes, 
ruined habitats for plants and animals 
and, in many cases, a loss of valuable 
timber resources.
However, work done by UM forest 
researchers Anna Sala and Tom DeLuca 
has led them to see that something 
more is left behind in the wake of 
fire. They’ve been able to show how 
dramatic the short- and long-term 
benefits of fire can be to a forest, and 
how fire suppression, however well- 
intentioned, actually can contribute to 
less productive forest conditions.
Their focus has been on the 
region’s ponderosa pine and Douglas 
fir ecosystems. Over time, the once 
spacious stands of ponderosa pine 
have become dense stands 
dominated by Douglas fir. Fire 
suppression is largely responsible 
for causing this shift, but little work 
actually has been done to learn what 
role natural, periodic fire plays in 
nutrient cycles, water use by trees and 
species composition of forests.
DeLuca, a professor in the 
Department of Ecosystem and 
Conservation Science, has studied 
the role of fire in soil nutrient cycling 
since he arrived at UM a decade ago. 
In recent years he has focused his 
research on learning about the effects 
of fire suppression on forest soils.
Nitrogen, says DeLuca, is the No. 1 
limiting nutrient in the region’s forest 
soils. Since it isn’t naturally part of the 
geology, nearly all nitrogen found in 
soils is captured from the atmosphere 
by microbes. And if you notice that the 
grass is greener after a lightning storm,
it’s not your imagination. Lightning 
strikes provide a pulse of nitrogen in 
the soil.
Hungry plants rapidly suck up the 
nitrogen once it’s in soil — so the 
snapshot of available nitrogen found in 
a soil sample doesn’t say much about 
the nutrient level of the soil overtime.
Instead, DeLuca uses an instrument 
called an “ionic resin capsule,” which 
is sunk into the soil for a period of 
time. As nitrogen is taken out of the 
atmosphere and released into the soil, 
the capsule absorbs it before the plants 
can. This method gives researchers a 
better idea of the ability of the soil to 
provide nitrogen over time.
Using these capsules, DeLuca found 
that forests that burned five, 10, even 
30 years ago had a much higher level 
of available nitrogen compared to a 
forest that hadn’t burned for 100 years.
“We’re finding that the availability 
of nitrogen is especially slow in these 
late succession forests that have not 
burned,” he says.
Another, perhaps more obvious, 
limiting factor in the region’s forests 
is the availability of water. The dense 
stands of Douglas fir have a major 
impact on the ponderosa’s ability 
to get water — especially when they 
need it most.
Sala, an associate professor in the 
Division of Biological Sciences, has 
been able to quantify this effect by 
monitoring the water movement in trees 
under a variety of circumstances. To 
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measure the water in trees, 
she inserted two needles, 
one spaced just below the 
other. The bottom needle 
is a heater and the top 
needle a sensor. As water 
moves through the tree Sala 
measures the heat wave 
transported by the water, 
giving her a velocity of water 
movement. By placing these 
sensors on trees in thinned 
stands and in dense stands, 
she can compare how trees 
use water in different forest 
conditions.
In treated areas, she 
says, she sees a remarkable 
uptake of water in late June 
— when the heat starts.
"The trees in the control 
area shut down; they don’t 
have water,” Sala says, “but 
when you’ve removed the 
Douglas fir, you see a big 
uptake in water use.”
In effect, the unusually dense stands 
create a condition where none of the 
trees get the water that would normally 
be available.
Sala acknowledges that for some 
old-growth stands, thinning followed by 
burning could be the best treatment. 
But she says it is impossible to do that 
on a large scale, because each old tree 
requires such care. You have to remove 
the duff, for example, so you don’t 
overheat the base of the tree.
How best to restore forest, or even 
whether to, can be a socially and 
scientifically charged question. One 
goal of Sala and DeLuca’s research is 
to better understand how the forest 
works so that better management 
decisions can be made.
Sala says they realized that in order 
to be more helpful in formulating 
management options that can restore
Graduate student Valerie Kurth 
measures a ponderosa trunk in 
the Selway-Bitterroot wilderness.
This Idaho shot shows ponderosa 
pines being replaced by a dense 
understory of Douglas firs.
these highly-altered forests, they 
needed to get away from complicating 
factors such as the legacies of grazing 
and timber harvest. They 
needed to find a true 
reference forest.
So, for the last couple 
years, DeLuca and Sala have 
been hiking —with some 
strong students — way back 
into the Seiway-Bitterroot 
and Gospel Hump wilderness 
areas in western Montana 
and northern Idaho. There, 
far from the effects of 
intense forest management, 
they found study plots with a 
more natural fire history.
“There was lots of 
bushwhacking,” Sala 
recalls. “You had to be in 
shape to get way out there 
— I was not.”
But, despite the blisters 
and rattlesnake encounters, 
the researchers agree that 
the effort paid off in many 
ways. Even though she says 
the long distances on foot 
kept her from collecting as 
much hard data as she could 
have on heavily managed
stands near roads, the experience gave 
her a better perspective of what natural 
forests look like.
“We can’t restore ecosystems back to 
what they were because we don’t know 
what they were,” she says. “That’s the 
point of going into the wilderness areas 
— to see how things really function.”
She compared forest structure in 
stands subjected to natural fire 
regimes with stands not burned during 
the last century. Not all old-growth 
forests fit the classic open stand image 
that many people think of as ideal 
ponderosa pine forest, but she didn’t 
find the dense Douglas-fir thickets seen 
in managed forests.
Sala suspects the current high 
density in managed forests is linked not 
only to fire-suppression but to grazing 
and logging as well. But she adds that 
more research is needed to accurately 
gauge the relative impacts of various 
management decisions.
The data they collected confirmed 
some long-held suspicions. DeLuca 
buried nutrient-absorbing resin 
capsules in the study plots and 
found that the soil in the stands that 
had burned repeatedly over time 
was significantly higher in available 
nutrients.
“This is a big deal because we are not 
measuring it right after a fire,” he says. 
“It’s not a short-term response.”
The wilderness study suggests that,
Graduate student Eric Keeling 
takes a core sample from an old- 
growth ponderosa pine.
despite calls to restore forests to pre­
management conditions, there is still 
a lot to learn about how those forests 
functioned in the first place. But, as 
the science clearly shows, a force as 
dominant as fire can’t be overlooked.
“To get the systems functioning the 
way they used to,” says DeLuca, “at 
some point we have to allow fire back in 
the landscape.” IS
For more information, e-mail 
Sala at sala@mso.umt.edu or 
DeLuca at thd@forestry.umt.edu. Ima
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How will society adapt to a fire-prone environment?
By Chris Bryant
A couple years before the 2000 
fires, Jim Burchfield, associate 
dean of the College of Forestry and 
Conservation, led a field trip into the 
Bitterroot Valley. During the outing, 
he met a couple who had recently 
moved from the Chicago area and 
built a home neatly tucked into the 
forest. They had no idea, until the 
construction was already complete, 
that their new home was outside the 
boundary of the rural fire district. Fire 
wasn’t part of their planning process 
— it was something that happened far 
away, out in the woods.
The fires of 2000 no doubt made an 
impression on the newcomers. In fact, 
that year's burn went a long way to 
change many Westerners’ perceptions 
of wildfire. These fires were different 
than those that had come before. They 
burned in such an extreme manner that 
firefighters went from an aggressive 
policy of direct attack to creating 
defensible space around structures.
"The stakes have risen,” says 
Burchfield. “These fires aren’t
Professor Jim Burchfield studies how Westerners deal with fire.
something remote anymore.”
People in the West are seeing more, 
costlier and bigger fires. Among the 
causes are a legacy of fire suppression, 
forest management decisions, the 
effects of a warmer and drier climate 
and more development in once- 
remote areas. Technology used to 
detect and fight fire also is changing 
rapidly — as are the tactics used by 
firefighters because of all-too-real 
safety concerns. Even the public 
perception about the role of fire in 
the vast tracts of public land in the 
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wildland firefighting event, and often 
are the ones to make the call about 
evacuating homes and allocating 
resources to certain areas.
Fires are unique among natural 
disasters, Burchfield says, in that they 
A 2003 fire nears a home in forestlands close to Missoula.
West is undergoing a change.
“We’re living in a dynamic time for fire 
research,” he says.
Burchfield, along with several 
colleagues at the University, works to 
answer some basic social questions 
about people and fire. 
Recently, he and some 
colleagues traveled 
to communities that 
had experienced large 
I blazes in Colorado, 
Arizona, Montana and 
Idaho. There, they 
interviewed a wide 
cross-section of people 
about their experiences. 
They were seeking to 
answer one central 
question: What are the 
effects of these fires on 
society?
“We’ve recognized 
that there are a series 
of actions before, 
during and after a fire," Burchfield says.
The threat of fire, felt by many rural 
communities in the West today, can 
be a stimulus for cooperation, he says. 
People are increasingly getting together 
to do pre-fire work and try to ameliorate 
some of the danger and reduce the 
potential impact of future fires. Fuel 
reduction has become a cause celebre 
in the West, he 
explains, largely 
because it’s one of 
the few aspects of 
wildfire that people 
can directly affect.
“People can be 
motivated by a 
sense of civic 
duty or aesthetics,” 
he says.
Many land­
owners go out and 
limb-up trees and 
thin areas near 
their homes —and 
feel good about 
what they see when 
they are done.
However once 
a fire begins, the 
social dynamic 
changes. When
fires reach a certain size, highly 
trained specialists from an “incident 
command" team, often from outside 
the local area, are brought in to 
manage the complicated effort to 
minimize the damage. These firefighting 
professionals deal with the incredibly 
complex logistics involved in a modern 
A burnt sign on the edge of 
Alberton, which was threatened 
by the 2005 1-90 Fire
can last weeks. The buildup of stress 
among residents and agency folks can 
become intense. The sense of control 
that a resident might have gained 
while out limbing trees and clearing 
brush can get lost quickly when an 
evacuation order is received. Steve 
McCool, a UM forestry professor and 
Burchfield research partner, learned this 
firsthand when his 
own neighborhood 
was evacuated 
during the 2003 
Black Mountain 
Fire. “When 
that happened I 
wasn’t thinking 
academically,” 
McCool says. “I was 
thinking, I’m getting 
out of here.’” 
Communication 
problems and 
stress can result in 
the kind of tension 
seen between 
locals and federal 
fire officials during 
the 2001 Rodeo- 
Chediski fire — the 
largest wildfire in 
Arizona history 
— which burned 535,000 acres.
Once the fire is out, a whole new set 
of social questions spring up, such as 
howto handle insurance claims, how 
to prioritize restorative measures and 
deciding how well local resources dealt 
with the challenges.
The before-, during- and after-fire
periods all present unique social 
challenges in terms of organization 
and planning. “What we are 
discovering,” says Burchfield, “is that 
between the phases there are not 
a lot of strong linkages."
One thing Burchfield 
and others are trying 
to do is to find the 
connections between 
those periods of 
time in order to see 
how the groups can 
function better. All 
the things that go into 
living in fire-prone 
areas —from planning 
to zoning to who gets 
certified to drive certain 
trucks to what trees 
get thinned — are all 
part of a system, says 
Burchfield, even if 
people don’t often think 
of them as one.
The U.S. Forest Service is the main 
source of funding for fire-related social 
science research, but the results go on 
to help management personnel at all 
levels of government — local, state and 
federal. With the skyrocketing costs 
of wildfire in the West, agencies and 
communities are pressed to figure out 
how best to deal with the “before” and 
“after” of the annual calamity.
Burchfield hopes that policymakers 
pay attention to the complexity of 
dealing with dynamic communities 
surrounded by fire-prone forests. 
"Putting out a fire is a major public 
expense,” he says. “Are there better 
ways to do this?”
Planning subdivisions, increased 
regulation and zoning for development, 
fuel reduction — all are issues 
surrounded by great social tension in 
communities in the West. A “decay 
function” of memory adds to the 
problem — if a couple years go by 
without a fire, people begin to forget. 
Plus, the rapid influx of newcomers 
who may not have experience with fires 
increases the need for education.
“All of a sudden there is an explosion 
of people on the landscape,” says 
Burchfield. “We have the ability to live 
just about anywhere we want. A whole 
generation is growing up thinking these 
are nice dense forests that just carpet 
the mountains and that they will always 
be that way — but that’s not the way 
they have always been.” H
For more Information, e-mail
Burchfield at jburch@forestry.umt.edu.
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Research unveils its inner mysteries
By Vince Devlin
On a clear day from his home 
in the South Hills, Bob Yokelson 
has a gorgeous view across the 
city of Missoula and up into 
Rattlesnake Canyon.
On a smoke-filled day at the height 
of a bad summer for wildfires, Yokelson 
has a view of a mailbox across the 
street. Like thousands of Montanans, 
he endured the suffocating Augusts 
and Septembers of 2000 and 2003, 
when smoke from forest fires choked 
the valleys of western Montana.
Unlike many, Yokelson has a pretty 
good idea what he’s sucking into his 
lungs with every breath taken on 
those days.
While many others study the effects 
of fires on forests and grasslands, 
Yokelson's research concentrates on 
the smoke emitted by fire. The adjunct 
associate professor of chemistry at UM 
has been involved in the research of 
biomass burning since 1993.
“The big picture is, when people 
I started getting interested in air 
pollution, they were studying the effects 
of cars and industry," Yokelson says. 
But in 1979, Nobel Prize winner Paul 
Crutzen realized that fires in the tropics 
probably contributed just as much 
to global pollution as vehicles and 
industry combined.
Early smoke research used 
instruments capable of measuring 
one or two types of compounds, which 
Yokelson compares to the story of the 
five blind guys and the elephant.
“One guy grabs a trunk and describes 
the elephant, another guy grabs a 
leg, another guy grabs the tail... they 
can’t agree on what the elephant is 
really like.”
The solution?
“All molecules absorb infrared 
radiation,” Yokelson says. “If you shine 
that through the smoke, you can detect 
nearly all types of compounds in there.”
It’s easier said than done.
A wide variety of reactive and stable 
compounds in smoke can be studied 
in real time using Fourier transform 
infrared spectroscopy (FTIR). In the 
beginning Yokelson’s group studied 
smoke from small fires in laboratories 
like the combustion facility at the Fire 
Research Center in Missoula. They soon 
graduated to other “open-path” devices 
that could be used in the field.
Today, Yokelson and other scientists 
will typically board a University of 
Washington Convair 580 research 
plane to fly through plumes of smoke 
directly above fires at different altitudes 
and at various distances downwind 
from them, allowing their sophisticated 
equipment to sample the air with 
closed-cell FTIR systems.
“What we’ve found consistently is 
that what’s in smoke is quite different 
from what people thought,” Yokelson 
says. “It used to be thought that smoke 
was primarily carbon dioxide, carbon 
monoxide and hydrocarbons.”
On a computer screen, Yokelson 
shows the result from one fire. 
Dozens of compounds are listed, 
including methanol, acetic acid and 
formaldehyde. “We’ve found that 
oxygenated organic compounds are 
about four times more abundant than 
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hydrocarbons. What we used to think of 
as everything reactive and interesting in 
smoke turned out to be only about 20 
percent of what was reactive — and it 
changes fast.”
What’s in fresh smoke depends on 
what’s burning. Fresh smoke from a 
savannah grassland fire in Africa is 
different from smoke from a stand of 
burning ponderosa pines in Montana. 
Smoke at the source of a fire is 
different from smoke 1,000 feet higher 
— and different again at every other 
elevation or distance downwind.
“As it interacts with sunlight and other 
chemicals, new compounds are made 
and others destroyed,” Yokelson says. 
They have learned that smoke many 
miles from a fire can carry more harmful 
chemicals than smoke near the fire.
That was a breakthrough. Yokelson 
says it was like the difference between 
observing a newborn baby and 
believing you knew everything 
about human behavior, and then 
learning that babies grow, change 
and evolve into adults.
Billions of years ago, Yokelson says, 
life evolved about a meter below the 
ocean surface. Ultraviolet rays from the 
sun were too strong for anything to grow 
on land. But the plants gave off oxygen, 
which led to the creation of the ozone 
layer that blocked harmful UV rays. That 
allowed carbon-based life to spread 
from beneath the ocean 
surface to land.
With that came the fuels for fires 
to burn.
“Fires can consume everything,” 
Yokelson says. “Fire can consume just 
a few trees. In some fires, almost all the 
trees survive and just the ground fuels 
are burned. All scales of fire 
occur naturally. It’s part of the 
normal ecology.”
Fire, he says, has co-evolved with 
plant life on Earth. The resulting smoke 
can affect climate, human health and 
ozone production.
Ozone is one of the compounds 
smoke from fires can produce. It is 
not created at the source of a fire, but 
rather, as smoke travels through the 
atmosphere.
“The ozone layer is a good thing," 
Yokelson says. “Ozone down here is a 
bad thing. It’s a greenhouse gas. It’s 
poison, basically. It eats away at tires 
on a car, so imagine the damage it can 
do to your lungs.”
Ironically, both fire and ozone are 
major sources of the chemicals that 
make the ozone layer go away.
Christian, a UM faculty member 
and Yokelson research partner, 
uses a portable FTIR system to 
sample smoke at a burn in Brazil.
Knowing what’s in smoke is the key 
to determining what all the effects of 
all those compounds may be. Using the 
data gathered, Yokelson and his fellow 
scientists from around the world can 
build better models to determine how 
the pollution will affect things such as 
climate and rainfall.
“We basically take the smoke recipe 
and put it in a chemistry model to see 
how it changes over time,” Yokelson says.
Yokelson has a picture of that view 
from his house on a perfect day, the sky 
a bright blue. He has another during 
the wildfire season of 2003, when the 
world seems coated in gray and smoke 
swallows up any sight of the city or 
mountains.
Those who live in western Montana 
well remember the weeks the air was 
thick with that smoke.
He also has a picture taken when 
smoke research took his team to Brazil. 
The photograph is of children playing a 
game of soccer in the city of Maraba. 
It makes the 2003 wildfire season in 
Montana look like a walk in the park.
The game was played at 11 a.m., 
but the photograph looks like it was 
taken after dusk. The air is so polluted 
you can’t even see the soccer goal. 
Measurements for solid particulate 
constituents in the air showed 5,000 
micrograms per meter cubed.
In Missoula during the forest fire 
season of 2003, the measurement was 
200 per.
What Montanans endured for weeks, 
some people in the tropics endure 
at far greater levels for months on 
end. In Brazil, as they chop down the 
rainforest, they burn what they chop. 
Mahogany trees six feet in diameter go 
up in smoke.
Yokelson and other scientists — who 
have previously studied smoke from 
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fires in Alaska, North Carolina, Africa 
and Indonesia — headed for Brazil 
to the state of Mato Grosso, which is 
Portuguese for “thick jungle.”
“Fly over it now, and it looks like 
Iowa,” Yokelson says. “It’s mile after 
mile of soybean fields.”
They headquartered in Alta Floresta 
(“tall forest” in Portuguese), a city that 
didn’t even exist until 1976. The first 
people who settled there, Yokelson 
says, came to extract the rubber from 
the rubber trees. When the rubber ran 
out, Alta Floresta was well on its way 
to ghost-town status when gold was 
discovered in the area.
But by the time the gold ran out, the 
ever-expanding soybean fields were 
approaching. Alta Floresta today has 
more people than Missoula.
Mato Grosso had 1,294 fires burning 
on a single day in September 2004 
among 3,600 burning in Brazil. Outdoor 
air pollution in these places can be far 
dirtier than what industrial areas of the 
world experience.
UM scientist Bob Yokelson uses 
a laser to align an instrument for 
smoke research at Missoula’s Fire
Research Center.
In addition, half the planet’s 
population still cooks on open fires 
inside their homes. About 2 million to 
3 million children under the age of five 
die every year from respiratory disease 
caused because there are no chimneys 
to vent the smoke.
Yokelson’s research is the first 
step toward knowing what the world 
breathes when fire occurs — whether it 
covers hundreds of thousands of acres 
or occurs in the space of a square foot 
inside a hut.
Where there’s smoke, there’s fire 
— but where there’s smoke, there’s also 
a lot more than anyone knew before. (9
For more information, e-mail Yokelson
at bob.yokelson@umontana.edu.
Images courtesy of Lisa Eby
University scientists radio-collared these boreal toads to track their movements in newly burned forests.
High-Tech 
Research reveals 
amphibians prefer 
burned areas
By Caroline Kurtz
When fires scorch the landscape it 
can seem as though nothing survives. 
However, ongoing research into how 
plants and animals recolonize burned 
areas shows that organisms evolving 
with fire as a regular disturbance 
are quick to take advantage of the 
opportunities such landscapes present.
Many kinds of bugs and birds thrive 
in blackened forests. Moose, elk and 
deer benefit from the flush of new 
plant growth that follows a burn. Fire 
can even provide a boon to fish in the 
form of new deadfall for hiding and 
increased nutrients that support a 
burgeoning insect population. Now 
another piece of the picture is coming 
into focus from research involving 
boreal toads and their response to fire.
Intrigued by observations of sharp 
increases in boreal toad numbers at 
breeding sites within burned areas, 
forestry Assistant Professor Lisa Eby 
and graduate student Greg Guscio 
spent the summer of 2004 catching 
as many toads as they could find at 
locations within the Robert Fire near 
Lake McDonald in Glacier National 
Park. Guscio used Velcro to fasten tiny 
radio collars around the toads’ waists 
— just in front of their hind legs — and 
then tracked where the toads went 
after mating season.
Although all the collared toads had 
the option of moving from mating ponds 
into unburned or mildly scorched areas, 
all stayed within burned areas, most 
within the high-severity burns.
“Why did they do this?” Eby asks. 
"Is populating burned areas costly or 
beneficial to toads? What do they get 
out of it?”
Boreal toads are greenish-brown and 
about the size of a tennis ball. They hide 
during the heat of the day and come out 
at night to hunt for their insect dinners. 
They breed in late May and early June 
in small ponds or at the edges of larger 
ponds and lakes — generally in warm 
shallow water without much cover. The 
tadpoles hatch and turn into toads 
by late summer. Eby says not much is 
known about what happens after they 
become adults.
Eby and Guscio developed the 
tracking project in close collaboration 
with Steve Corn and Blake Hossack at 
the UM-based Aldo Leopold Wilderness 
Institute. The institute’s statewide 
survey of boreal toad breeding sites, 
and specifically of those within the 2001 
Moose Fire near Camas Creek in Glacier 
National Park, originally prompted them 
to look more closely at the association 
between the toads and fire.
It appears that toads benefit from 
the warmer nighttime temperatures of 
severely burned areas, which presents 
the cold-blooded creatures with 
conditions more conducive to moving 
around to find and digest food than 
those of unburned areas. During the 
daytime, the higher temperatures of 
burned areas mean potentially greater 
water loss for the toads, but inside 
burrows or under logs — where toads 
typically retreat during the day —the 
temperatures are about the same 
between burned and unburned sites.
"So toads are able to protect 
themselves during the day in burned 
areas and reap the benefits at night,” 
Eby explains.
Eby was surprised at how quickly 
toads responded to fire, but she says, 
“Toads have lived with fire on the 
landscape for a very long time.”
Follow-up observations by Corn and 
Hossack within the 2001 Moose Fire 
show that toads no longer use those 
breeding sites that were so populated a 
few years ago.
“It suggests there may be a finite 
window during which toads make use of 
burned areas for breeding,” she says. B
For more information, e-mail
Eby at leby@forestry.umt.edu.
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By Cary Shimek
j UM research reveals 
sophisticated bird calls
The black-capped chickadees had 
lived an exciting life of late.
First, researchers netted them, 
and the little birds suddenly found 
themselves living in a large aviary 
attached to UM’s Field Station at Fort 
Missoula. Wire mesh kept them from 
flying away, but the 
aviary contained 
bushes, trees and 
plenty to eat. So the 
chickadees foraged, 
slept and sang.
Then things turned 
surreal. You see, a 
Field Station window 
opens into the 
aviary, and a little 
stage had been built 
on a stump before 
the window. And 
scientists had set up 
a curtain around 
the stage.
One day the 
curtain opened to 
reveal... 
a pygmy owl!
Now, nothing 
ruffles chickadee
feathers like a pygmy owl — the Great 
Satan of their world. The little birds 
can fly circles around a ponderous bald 
I eagle or great horned owl, but a pygmy 
A great-horned owl and 
pygmy owl. Research on 
chickadee calls show they 
fear the little guy more.
owl is unbelievably quick and lethal.
So the flock loosed their trademark 
call: "chick-a-dee-dee-dee-dee, chick- 
a-dee-dee-dee-dee.” It’s a mobbing 
call — lots of birds have them — and 
it means something like, “Hey, this is 
really dangerous. You have to help me 
out here and pay attention to this." It 
also means, “Let’s get it!”
With this call 
to action, the 
chickadees dive- 
bombed the little 
owl en masse. They 
made lots of noise, 
swooped at it and 
even tried hitting 
the owl in the back 
of the head. They 
wanted to harass 
the raptor and get it 
out of there.
Researchers soon 
took the owl away, 
but the curtain 
opened again and 
again in coming days 
and weeks to reveal 
more surprises: a 
great gray owl, a 
peregrine falcon, 
a merlin hawk, a 
ferret and others. With each unveiling 
the chickadees assessed the threat, 
uttered a call describing the situation 
— often with nuances beyond
Hunting with science: Researcher 
Erick Greene summons chickadee 
songbirds using recordings of 
their predator mobbing cries.
human hearing —and then reacted 
appropriately. They didn’t know their 
specialized calls were recorded.
At times the flock would hear the 
distinctive chickadee calls for a pygmy 
owl or kestrel hawk, but when the birds 
mobbed the area where the call came 
from, all they found was an 
audio speaker.
Yes, life for the chickadees had 
definitely become more interesting.
Erick Greene is a UM professor, 
behavioral ecologist and leading expert 
on the language of birds. In recent 
years his science team studied local 
chickadees to discover a previously 
unknown level of sophistication in 
their calls. His partners were Chris 
Templeton, a former UM graduate 
student now working on a doctorate at 
the University of Washington, and Kate 
Davis, director of Raptors of the Rockies.
They found that chickadees, which 
are common across North America, 
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have a complex system of alarm calls 
that convey information about the size 
and danger of potential predators and 
tell the birds what sort of defense to 
mount in response.
Their work was notable enough to be 
featured in a summer issue of Science, 
one of the world’s top research 
journals, and from there the story hit 
the New York Times, the Washington 
Post and media outlets worldwide.
Greene says their hundreds of hours 
of experiments over several years would 
have been impossible without the 
assistance of Raptors of the Rockies, a 
Florence-based nonprofit organization 
that cares for disabled birds and uses 
them for wildlife education programs. 
Davis, the organization’s director, co­
authored the Science article. She cares 
for birds that haven’t been injured badly 
enough to be put down, but enough that 
they could never survive in the wild.
In fact, the chickadees might be 
mortified to learn 
the “Great Satan” 
pygmy owl they 
found so terrifying 
is a wounded bird 
named Dot Com.
Greene says 
little birds usually 
have two types of 
alarm calls. Their 
“seet” call — a 
soft, high-pitched 
noise that sounds 
like “sssst” — alerts their fellows to 
predators flying overhead. It tells the 
birds to beware and take cover.
Many small birds also use a mobbing 
call, which is given around stationary 
or perched predators that are perceived 
to be less of a threat. The cry means 
it’s time to gang up on the threat and 
drive it away.
Greene says humans have studied 
the mobbing reaction of birds for 
thousands of years. He is quick to 
describe a Greek vase from 600 B.C. 
that depicts a tethered owl being 
mobbed by birds while a human 
bird-catcher looks on. He says that 
sometimes birds of several different 
species will be summoned to a single 
mobbing display.
“With our research, we wanted 
to see if there were any differences 
in this historically well-documented 
phenomenon of mobbing,” Greene 
says. “We wanted to test the idea that 
mobbing calls to other birds reflect 
different levels of threat.
“And, indeed, it does. This was 
completely unexpected.”
Greene checks over the mist net 
he uses to catch chickadees.
Greene and his fellow researchers 
exposed the chickadees to 13 different 
raptor species in a variety of sizes, as 
well as a ferret, weasel and cat. They 
also showed a seed-eating bobwhite.
“The bobwhite was the control,” he 
says. “It’s harmless; not a raptor at 
all. We wanted to make sure that the 
chickadees weren’t giving alarm calls 
for just anything.” 
From thousands 
of recordings 
analyzed with 
the help of a 
computer, the 
researchers 
found significant 
variation in the 
“chick-a-dee” 
mobbing calls. 
Essentially, if 
something is more 
dangerous to them, the birds make 
more mobbing calls. They also tack on 
more “dee” syllables to the end of the 
calls when confronted by a predator 
perceived to be more dangerous.
UM scientists found smaller 
predators generally are more alarming 
to chickadees than larger ones. A 
massive great horned owl, for instance, 
usually can’t turn quickly enough to 
chase down highly maneuverable 
chickadees, so it only elicited two “dee” 
syllables at the end of calls. But the 
sight of a lightning-quick pygmy owl 
elicited four “dees.”
Besides small owls and hawks, the 
chickadees became frenzied over 
ferrets and cats.
Delving beyond the extra “dee” 
noises —which people can hear 
— the team used specialized analysis 
software to discover hidden acoustical 
differences. Sifting through the 
frequencies and harmonics of the 
calls, the UM researchers discovered 
a lot of other differences that vary 
systematically.
"We found that chickadees are 
encoding much more in these acoustic 
signals than we can appreciate with our 
hearing,” Greene says.
The team repeated their experiments 
many times with different flocks of 
chickadees to ensure the birds were 
using the same calls for similar threat 
levels. They also randomized the order 
in which they showed raptors and other 
predators to the birds.
“Also, in the other half of our 
experiments, we tested whether 
chickadees were actually getting 
information from the calls,” Greene 
says. So the team did playback 
experiments using speakers hidden in 
the aviary. They played the recordings 
when there were no predators present.
"It got their attention immediately,” 
he says. “And we showed that the 
intensity of the mobbing response 
varied depending on what recording we 
played. If we played one recorded 
in response to a pygmy owl, it got a 
much more intense mobbing response. 
Boom, they would come and approach 
the speaker. They would move 
closer and spend much more time 
investigating the area. They would stay 
longer in the area.”
Greene has worked at UM for 
15 years, and his work on animal 
communication has been published 
in Science or Nature five times. He 
says the chickadee experiments 
demonstrate that bird communication 
systems are far more sophisticated and 
flexible than previously suspected.
He’s no Dr. Doolittle, but Greene 
admits to becoming somewhat fluent in 
chickadee.
“Now, when I hear chickadees upset, 
my ears are tuned in a little more,” 
he says. “I can say, ‘Yeah, there is 
something over there, but they aren’t 
too upset.’ Or I can hear, ‘Whoa, 
something has them really riled up.’” (9
For more information, e-mail Greene
at erick.greene@mso.umt.edu.
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Sniffing Out
Researchers investigate 
using dogs to find 
long-lost graves
By Cary Shimek
It was a beautiful spring day 
when the collection of scientists 
and history buffs climbed a narrow 
pine-shrouded trail to crest a 
Bitterroot mountain ridge. In a 
sense they were chasing the past, 
for they hiked the famed Lolo Trail 
— the same route used by Lewis 
and Clark in 1805 and American 
Indians for millennia before that. 
Though barely discernible now, 
the trail was once one of western 
Montana’s major roadways.
The group was led by two tongue-lolling border collies named Rhea 
and Nessie. Their mission: sniff out the 150-year-old grave of the 
mountain man for whom the trail was named.
Local folklore suggested the grave of Lawrence Renee, a French- 
Canadian, was located atop a hill 16 miles west of the town of Lolo. 
He was nicknamed “Lolo” because Indian and English speakers of 
his time evidently struggled to
pronounce Lawrence. Lolo, who had 
a Nez Perce wife, is believed to have 
been killed by a grizzly sometime in the 
1850s or ’60s.
Local members of the Lewis and Clark 
Heritage Association wanted to erect a 
memorial to the historic mountain man, 
but first they wanted to ensure his grave 
was actually there. So, assisted by UM's 
anthropology and geology departments, 
they tried a magnetometer survey, 
which was inconclusive, and ground­
penetrating radar, which was blocked 
by clay soils. Then they decided to try 
dogs that have been specially trained to 
detect old graves.
The dogs’ handlers, Adela Morris 
and Eva Cecil, work for the Institute for 
Canine Forensics in Los Altos, Calif. 
Atop the ridge, Morris yelled, “Rhea, 
come!" and suddenly the smiling 
dogs were all business. For about half 
an hour their noses vacuumed the 
clearing where Lolo reportedly was 
buried. Several times they sat down 
— making an “alert” — and stared 
intently at their handlers. Then they 
rose and sniffed some more, pausing 
occasionally to drink out of their 
foldable water dishes. Detecting lost 
graves is evidently thirsty work.
So did their keen canine noses find 
I anything? Kelly Dixon, the UM historical 
archaeologist who used UM Provost’s 
Office funding to bring the dogs to 
Montana, said the canines alerted 
downslope from a “hotspot” where 
the magnetometer had detected an 
underground anomaly that might 
be a body.
“I remember thinking it’s not exactly 
X marks the spot, but it’s a few meters 
away,” Dixon says. “Of course, human 
remains, whether they are liquid or 
anything else, will migrate slightly 
downhill over the years because of
gravity. The handlers, because of past 
experiences with this situation ... felt 
like it was the ultimate success.”
With the blessing of private 
landowner Paul Rosignol, Dixon’s 
team carefully sampled the soil at the 
suspected grave. They also took several 
control samples relatively far from the 
site for comparison.
Dixon says her graduate student 
Heidi Hill is conducting analysis of the 
soil for a master’s thesis. If there is 
something that human bodies leave 
behind in old graves that dogs can 
detect, Hill’s job is to find out what it is.
As for the Traveler’s Rest Chapter of 
LCHA, members were convinced that 
the dogs, magnetometer survey and 
local recollections had provided enough 
multiple lines of evidence to erect the 
Lolo memorial. The marker, which says 
Lolo had been laid to rest in the area, 
was installed this past summer.
After the Lolo search, UM 
anthropologist Ashley McKeown used 
the dogs at the former Missoula 
County Poorhouse Cemetery, located 
near Rattlesnake Middle School. The 
dogs were tired by then, but they 
made some hits near the school. 
McKeown says they don’t know yet 
whether the dogs discovered graves, 
but research is ongoing.
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Dixon says many of her scientific 
peers don’t accept forensic canine 
evidence, but she has been willing to 
study the dogs to determine whether 
their sense of smell can provide 
benefits to archaeology.
The 35-year-old assistant professor 
first tried using dogs in the field in 
2004 while working on an excavation 
of the Donner Camp. The Donner Party, 
according to western lore, became 
trapped in California’s Sierra Nevada 
Mountains in 1846 and resorted to 
cannibalism to survive 
the harsh winter. Dixon’s 
research team is trying to 
determine whether the facts 
at the campsite corroborate 
the myth.
The Donner excavation 
garnered a lot of attention, 
and a private detective 
who wanted to be involved 
with the project suggested 
Dixon’s group try dogs 
trained to detect human 
remains. This led Dixon 
to the Institute for Canine 
Forensics.
She says the institute 
trains its dogs in different 
settings. One is an old 
NASA installation containing 
bunkers and housing for staff and 
trainees. It’s empty now, and institute 
employees set up crime scenes there 
using human remains and blood for the 
dogs to investigate. The dogs also train 
at the cemetery of an old poor farm 
that once contained an insane asylum.
She learned from her past work 
with Morris and Cecil that when the 
ground temperature becomes too hot, 
it dries out their dogs’ noses. So the 
canines seem to be most effective 
in spring or in early morning. Their 
handlers constantly monitor the ground 
temperature as they work.
Dixon says they didn’t immediately 
unleash the dogs at the historic 
Donner site. First they tried the 
canines in a nearby, known 1800s 
cemetery in which many of the 
gravestones had disappeared.
“Of course they alerted where there 
were grave markers,” she says, “but 
then they walked where there were 
no grave markers, and the handlers 
placed a pin flag in the ground where 
they alerted. And when the dogs were 
done, we stood back and observed that 
the dogs had left a straight path of pin 
flags, reminiscent of cemetery rows. 
That was compelling.”
At the Donner site in June 2004, 
several dogs independently alerted in 
the same area in a vast meadow. But 
when digging started a month later, 
archaeologists didn’t find anything in 
that spot. Dixon says it might mean 
somebody had died there and the 
body had long since been moved by 
scavengers or something else. But they 
took soil samples from the spot, and 
Hill’s thesis will study those as well.
Dixon said they tried the dogs again 
at the Donner site after the excavation 
had begun. This time one of the
institute’s top 
dogs, Riley, 
alerted at 
the edge of a 
campfire hearth 
researchers had 
unearthed.
Kelly Dixon (left) measures a soil sample. 
(Below) Spectators watch as grave-detection 
dogs investigate Lolo’s ridge-top resting place.
"We got lots of bone from that 
hearth,” she says. Is it human? “It is a 
challenge to recover DNA because the 
bones are so tiny and burned to the 
point of near incineration. This may be 
the result of intense processing of the 
bones to garner as much nutrition as 
possible from them.”
In addition to the ongoing DNA tests, 
Dixon says some bones will undergo 
osteon analysis — taking thin slices to 
analyze the cell structure.
The UM researcher believes dogs can 
smell the decomposition of humans, 
but the challenge is to ensure that 
their capabilities are associated with 
scientific validity. What, exactly are they 
smelling? What is different about areas 
where humans are buried?
“We discovered that we couldn’t 
just open up the Journal of Forensic 
Sciences and look at a paper that 
describes a human decomposition 
signature in the soil to compare our 
dog-alert soils with that data,” she says. 
“This means we are literally starting 
from scratch with analyses of the soil 
samples from these sites.”
Dixon says they were able to 
piggyback on the experiment of a 
former UM forensic student. The 
student buried a pig and some human 
rib bones to study their decomposition, 
and Hill, Dixon’s graduate student, 
collected soil from that burial site. The 
rib bones came from a donor collection. 
“This represents an appropriately 
controlled experiment that can provide 
us with an opportunity to examine the 
differences between human and animal 
decomposition signatures in soils from 
the same site,” she says.
Dixon’s team now is studying soil 
samples from the Donner and Lolo 
sites, and the Institute for Canine 
Forensics recently sent them soil to 
test from a 7,000-year-old burial in 
Europe where the dogs were used. 
Perhaps with further research, they 
can discover what the canines are 
detecting, and, as Dixon says, “put 
words in the dogs’ mouths.”
If the dogs continue to prove 
themselves, Dixon sees them being 
added routinely to archaeology’s suite 
of remote sensing tools.
“Our goal is being able to conduct 
archaeology using this and other 
forms of non-destructive, noninvasive 
methods, creating a sort of X-ray vision 
into history.” s
For more information, e-mail Dixon at
kelly.dixon@mso.umt.edu.
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By Cary Shimek
Mountain pine beetles don’t look 
like much. They are typically a generic 
dark brown in color, and the largest 
measure only about 8 millimeters. 
These bark beetles are just one variety 
among 7,500 species worldwide and 
500 species in the United States.
Innocuous as they seem, these 
little critters are rapacious tree killers 
— America’s No. 1 forest pest — 
destroying more trees in North America 
than fires, other insects and diseases 
combined.
And a new discovery by Diana Six, a 
UM entomologist and pathologist, and 
her colleague Barbara Bentz, a U.S. 
Forest Service entomologist from Utah, 
suggests future pine beetle infestations 
may worsen over time.
Six says when a mountain pine 
beetle bores into a tree, it releases 
a pheromone that attracts more of 
its fellows for a mass invasion. When 
enough beetles are attracted to kill 
the tree, the insects release another 
I pheromone that repels any newcomers, 
I sending them off to nearby trees. 
This allows the beetles to kill the tree, 
yet avoid competition among their 
young for food. Once the tree is 
dead, the beetles make tunnels 
under the bark called galleries, lay eggs 
and infect the tree with fungi they carry. 
The larvae then hatch and subsist on 
the tree and fungi.
“As you can see, they are quite 
complex and fascinating,” says Six, 
who specializes in insects and their 
interactions with fungi.
She says the fungi carried by 
pine beetles is essential fortheir 
survival. In fact, they have evolved 
little organs called mycangia to carry 
the stuff about.
“They use the fungi for nutrition,” 
Six says. “They get nutrients from the 
fungi that they can’t get from trees. 
This allows them to use a food source 
— trees — that few other creatures can 
use. They basically bring along their 
own nutritional supplement.”
In fact, pine beetles inhabiting a tree 
with no fungi produce no young and die 
off. The fungi also get something from 
this symbiotic relationship, Six says, 
since the beetles provide a mass transit 
system to spread it among trees.
It turns out the bugs generally carry 
two varieties of fungi. Ophiostoma 
montium (OM for short) is better for 
the beetles because it provides more 
nutrition, so they don’t have to feed as 
much on wood. The other, Ophiostoma 
clavigerum (OC), is not as nutritious and 
requires them to feed more extensively 
on trees.
“So we’ve been calling OM ‘the good 
fungi’ and OC ‘the bad fungi,’” she said, 
“but OC is still pretty good for beetles. 
Maybe we should call it the ‘not-quite- 
as-good fungi?’”
Other studies have indicated that 
“the good” OM fungi may help increase 
bark beetle populations more rapidly, 
and Six and Bentz originally set out to 
answer the question of whether OM 
facilitates pine beetle outbreaks. They 
are still working on that question. But, 
as happens so often in science, their 
path to discovery took a detour that 
lead to an unexpected breakthrough.
“We found evidence that temperature
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Images courtesy of Diana Six
(Far left) A tree that has been 
mass attacked by pine beetles 
(Top middle) A larva growing in a 
gallery lined with fungus spores
(Bottom) Ophiostoma montium 
growing in wood
(Top right) Ophiostoma montium 
and Ophiostoma clavigerum (on the 
right) growing in culture
plays a key role in determining the 
relative abundance of the two types of 
fungi,” Six says. “OM is warm-tolerant, 
while OC is cool-tolerant.”
To conduct the research, Six collected 
beetles at several sites in Montana and 
Idaho. They used pheromone traps — a 
series of funnels vaguely resembling 
a tree that channels the insects into 
collection chambers. The traps are 
baited with a synthetic version of the 
beetles’ "summoning” pheromone.
“Basically we use their own chemistry 
against them,” Six says. “One trap can 
collect more than 1,000 beetles.”
Once the bugs are captured, Six 
transports them back to her lab and 
laboriously dissects them under a 
microscope to determine whether 
they carry the OM or OC fungus. She 
dissected thousands of beetles from 
several sites over several years. She 
also grew the two species of fungi in 
the lab to discover the temperatures in 
which they grow best.
“What we found in Montana is a 
complete shift from one fungus to the 
other over a season,” she says. “The 
beetles carry one fungus — OC — early in 
the season and carry the other fungus
— OM — late in the season. In Idaho 
sites we saw a shift but a different one
— from OC early on to OM and then back 
to OC late in the season.”
Why the shifts? Researchers learned 
cool-tolerant OC grows and sporulates 
best at temperatures under about 78 
degrees Fahrenheit. Between 78 and 
89 degrees both fungus species do 
well. But when maximum temperatures 
exceed 89 degrees, only OM can grow.
“The growth experiments we did in 
the lab showed OM grows very well at 
(89 degrees), but OC won’t grow at all,” 
Six says. “The temperature tolerances 
we saw in the lab turned out to be near­
perfect correlations to what we found 
in the field at every site. The beetles 
would switch from one fungus to the 
other depending on the temperature.”
She says beetles only can pick up 
and carry fungi that are sporulating at 
the time they leave the tree. If it’s too 
hot, OC doesn’t spread its spores and 
doesn’t get transported.
She says this may be the first time 
anyone has found that the composition 
of a land-based symbiotic relationship 
is determined by temperature. However, 
temperature-driven shifts of symbiotic 
algae associated with corals have been 
observed in the ocean.
This is all important, Six says, 
because climate change appears to 
be creating a warmer West that may 
promote an increased prevalence 
of OM fungi with pine beetles. The 
more nutritious OM could support 
faster-growing beetle populations 
with higher survival, spawning larger 
and more frequent mountain pine 
beetle outbreaks. And if temperatures 
continue to rise as expected in coming 
decades, it’s conceivable that OC, 
which is not as beneficial for the 
beetles, could drop out of the system.
A warming climate also could cause 
more drought, which stresses trees. Six 
says trees stressed by drought are easy 
for beetles to kill, “which is why during 
drought you see a lot of beetle activity 
on the landscape.”
She says, "British Columbia is now 
experiencing its biggest outbreak in 
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history, and much of it is temperature 
and drought driven. Eighty percent of 
their trees are predicted to be killed by 
mountain pine beetles. So this is really 
relevant to the Pacific Northwest."
The fungal temperature discovery also 
offers a rationale for how a host creature 
can have more than one symbiont.
"Why don’t the two symbionts 
compete without one eventually 
losing?” Six asks. “Well, this shows that 
if you have two different fungi with very 
different growth requirements, this can 
allow each to dominate at different 
times, keeping both in the system.”
Working at an office and lab in UM’s 
new BioResearch Building, Six keeps 
busy with 23 separate entomology 
and mycology projects. Some involve 
beetles, but she works with a variety 
of other insects as well. To offer an 
example, she and a graduate student 
recently learned why ants prosper in 
areas infested by spotted knapweed. 
It seems knapweed produces a little 
node full of nutrients that attracts ants. 
The ants pick up the seeds, eat the 
node and then discard the seed. So the 
native ants are spreading the seeds 
of an exotic weed while getting a huge 
food reward in the process. Basically, 
the two species have teamed up to 
form a new mutualism, Six says.
But the discovery involving fungal 
temperatures makes the mountain pine 
beetle her insect of the moment.
“It’s exciting,” she says. “When I 
figured out the temperature connection, 
I couldn’t sleep for three days.” Q
For more information, e-mail
Six at six@forestry.umt.edu.
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